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I .  AN HISTORICAL SKETCH OF THE JET PROPULSION LABORATORY, GALCIT~ 

B a s i c  r e s e a r c h  i n  t h e  f i e l d  of j e t  p r o p u l s i o n  h a s  been  i n  p r o g r e s s  

a t  t h e  C a l i f o r n i a  I n s t i t u t e  of Techno logy  s i n c e  1936 .  It i s  c o n v e n i e n t  

h i s t o r i c a l l y  t o  d i v i d e  t h e  work i n t o  t h r e e  p h a s e s .  

The GALCIT Rocket  R e s e a r c h  P r o j e c t  

The P r o j e c t  was i n i t i a t e d  more o r  l e s s  i n f o r m a l l y  i n  1936 a t  t h e  

C a l i f o r n i a  I n s t i t u t e  of Technology w i t h  f u l l  encouragement  of  

D r .  Theodore  von Karman, D i r e c t o r  of  GALCIT. The o r i g i n a l  r e s e a r c h  

g r o u p  was a s  f o l l o w s :  F rank  J .  M a l i n a ,  Hsue-Shen Ts i en ,  A .  M .  0. S m i t h ,  

J o h n  W .  P a r s o n s ,  Edward S .  Forman, and Weld A r n o l d .  The e a r l y  p h a s e s  

of t h e  r e s e a r c h  were f i n a n c e d  b y  a g i f t  f r o m  M r .  Weld A r n o l d .  D r .  

von Karman f o r e s a w  t h e  i m p o r t a n c e  of  r o c k e t  p r o p u l s i o n  and t h e  f u t u r e  

p o s s i b i l i t i e s  of C a l t e c h  r e s e a r c h  i n  t h i s  f i e l d .  

A t h e o r e t i c a l  and p r a c t i c a l  r e s e a r c h  program,  c o n d u c t e d  t h r o u g h o u t  

t h e  n e x t  two y e a r s ,  was d i r e c t e d  p r i m a r i l y  toward  t h e  d e s i g n  of  a h i g h -  

a l t i t u d e  sound ing  r o c k e t .  The modest  program l e d  t o  t h e  p u b l i c a t i o n  

of s e v e r a l  r e p o r t s , *  and t o  t h e  p r e p a r a t i o n  of s e v e r a l  o t h e r s  f o r  

GALCIT i s  a c o m p o s i t e  of t h e  c a p i t a l  i n i t i a l  l e t t e r s  i n  t h e  
f o l l o w i n g :  Guggenheim A e r o n a u t i c a l  L a b o r a t o r y  of t h e  C a l i f o r n i a  
I n s t i t u t e  of Technology.  T h i s  a b b r e v i a t i o n  i s  w i d e l y  u s e d  b o t h  
i n  t h i s  c o u n t r y  and a b r o a d .  

IIExperiments With Powder Moto r s  f o r  Rocket  P r o p u l s i o n  by  S u c c e s s i v e  
I m p u l s e s . "  A s t r o n a u t i c s ,  No. 4 3 ,  1939 ,  p .  4 .  
" C h a r a c t e r i s t i c s  of t h e  Rocke t  Motor U n i t  Based on t h e  Theory  of 
P e r f e c t  G a s e s . "  J o u r .  F r a n k l i n  I n s t . ,  No. 4 ,  V o l .  230, 1940 .  
"The GALCIT Rocke t  R e s e a r c h  P r o j e c t t 1 ,  A s t r o n a u t i c s ,  No. 4 1 ,  1938, 
p. 3. " F l i g h t  A n a l y s i s  of a Sounding  Rocket1 ' ,  J o u r .  Aero .  S c i . ,  
V o l .  5 ,  1 9 3 8 ,  D. 199. 
" F l i a h t  A n a l v s i s  of a Soundina  Rocke t  With S D e c i a l  Reference t o  
P r o p G l s i o n  bG S u c c e s s i v e  I m p u i s e s " ,  J o u r .  Aero .  S c i .  , Vol .  6 ,  
1 9 3 8 ,  p .  50. 
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a i r c r a f t  c o n c e r n s  and government  a g e n c i e s .  Some of  t h e  l a t t e r  r e p o r t s  

s u g g e s t e d  a p p l i c a t i o n  of  r o c k e t  u n i t s  a s  b o o s t e r s  f o r  a i r p l a n e s ,  t h e  

p r i m a r y  p u r p o s e  b e i n g ,  f i r s t ,  t o  s h o r t e n  t a k e - o f f s ,  h e n c e  runways ;  a n d ,  

s e c o n d ,  t o  b o o s t  h e a v i l y - l o a d e d  p l a n e s  wh ich ,  w i t h o u t  a s s i s t a n c e ,  

c o u l d  n o t  t a k e  o f f  a t  a l l  f rom many e x i s t i n g  f i e l d s .  

Army A i r  C o r p s  J e t  P r o p u l s i o n  R e s e a r c h  P r o j e c t ,  GALCIT P r o j e c t  No. 1 

I n  December, 1938, G e n e r a l  H .  H .  A r n o l d ,  Commanding G e n e r a l  of 

t h e  Army A i r  C o r p s ,  r e q u e s t e d  t h e  Commit tee  f o r  A i r  C o r p s  R e s e a r c h  of 

t h e  N a t i o n a l  Academy of  S c i e n c e ,  c o n s i s t i n g  of s c i e n t i s t s  f r o m  v a r i o u s  

r e s e a r c h  i n s t i t u t i o n s ,  t o  s p o n s o r  a program f o r  s e v e r a l  p rob lems  of 

v i t a l  i n t e r e s t  t o  t h e  A i r  C o r p s .  One of  t h e s e  p r o b l e m s  was t h e  

deve lopment  of rocke t  u n i t s  s u i t a b l e  f o r  b o o s t i n g  a i r p l a n e s .  D r .  

von Karman chose  f o r  C a l t e c h  t h e  r o c k e t  problem and t h e  commit tee  

a p p o i n t e d  a sub-commit tee  on J e t  P r o p u l s i o n  w i t h  him a s  cha i rman .  

Oh J u l y  1, 1 9 3 9 ,  s p o n s o r e d  b y  t h e  N a t i o n a l  Academy of  S c i e n c e ,  

t h e  AAC J e t  P r o p u l s i o n  R e s e a r c h  P r o j e c t  w a s  i n i t i a t e d  a t  t h e  C a l i f o r n i a  

I n s t i t u t e  of Technology w i t h  Dr. von Karman a s  D i r e c t o r .  F r a n k  J .  

M a l i n a ,  J o h n  W .  P a r s o n s ,  and Edward S .  Forman, members of  t h e  o r i g i n a l  

r o c k e t  r e s e a r c h  g r o u p ,  were s e l e c t e d  t o  s t a r t  t h e  program.  

A y e a r  l a t e r ,  i n  J u l y ,  1 9 4 0 ,  t h e  Army A i r  C o r p s  e f f e c t i v e l y  

assumed s p o n s o r s h i p  of  t h e  P r o j e c t .  Dur ing  t h e  f i r s t  two y e a r s  o f  t h e  

war (1942 and 1 9 4 3 ) ,  when t h e  U n i t e d  S t a t e s  was work ing  t o  make u p  

l o s t  t ime,  t h e  GALCIT P r o j e c t  was c o n s t a n t l y  e x p a n d i n g .  

The J e t  P r o p u l s i o n  L a b o r a t o r y ,  GALCIT 

I n  J a n u a r y ,  1944 ,  a r r a n g e m e n t s  were i n i t i a t e d  f o r  t h e  Army S e r v i c e  

F o r c e s ,  Ordnance Depar tmen t ,  t o  p a r t i c i p a t e  w i t h  t h e  AAF A i r  M a t e r i e l  

Command i n  t h e  r e s e a r c h  program. I n  t h e  i n t e r e s t  o f  e f f i c i e n t  
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a d m i n i s t r a t i o n ,  r e o r g a n i z a t i o n  was c a l l e d  f o r .  On November 1, 1944,  

t h e  P r o j e c t  became t h e  J e t  P r o p u l s i o n  L a b o r a t o r y ,  GALCIT.  The p o l i c i e s  

of t h e  L a b o r a t o r y  a r e  d e t e r m i n e d  by  an E x e c u t i v e  Board a p p o i n t e d  b y  

t h e  T r u s t e e s  of t h e  C a l i f o r n i a  I n s t i t u t e  of Techno logy .  The Board i s  

r e s p o n s i b l e  d i r e c t l y  t o  t h e  T r u s t e e s ,  two of whom a r e  i n c l u d e d  i n  i t s  

member s h i p .  

I n  December, 1944,  Dr. von Karman, who p e r s o n a l l y  had  d i r e c t e d  

t h e  work of  t h e  P r o j e c t  and i t s  r e o r g a n i z a t i o n ,  t o o k  l e a v e  of a b s e n c e  

t o  become E x p e r t  C o n s u l t a n t  t o  t h e  Commanding G e n e r a l ,  AAF. D r .  C l a r k  

B .  M i l l i k a n  was a p p o i n t e d  A c t i n g  Chairman of  t h e  E x e c u t i v e  Board ;  

D r .  F rank  J .  M a l i n a ,  A c t i n g  D i r e c t o r  of  t h e  L a b o r a t o r y ;  and D r .  L .  G .  

Dunn, A s s i s t a n t  D i r e c t o r .  

A s  a r e s u l t  o f  ASF Ordnance Depar tment  p a r t i c i p a t i o n  i n  t h e  work 

of t h e  L a b o r a t o r y ,  f a c i l i t i e s  and equipment  have  i n c r e a s e d  m a t e r i a l l y .  

L i a i s o n  w i t h  t h e  m i l i t a r y  and n a v a l  s e r v i c e s  i s  m a i n t a i n e d  a s  

f 0 1 lows : 

C o l .  B.  S .  Mesick, ASF Ordnance Depar tment  

C o l .  E .  H .  Eddy,  AAF A i r  M a t e r i e l  Command 

Comdr. H .  A.  T e l l m a n ,  USN, Bureau of  Ordnance 

L i e u t .  C o l .  J .  C. N i c k e r s o n ,  U.  S .  Army Ground S e r v i c e s  

Major  K .  S .  J a c k s o n ,  ASF S i g n a l  Corps  

C o l .  Mesick i n  Augus t ,  1945, r e p l a c e d  C o l .  L .  A .  S k i n n e r ,  w i d e l y  

known f o r  h i s  work on t h e  deve lopment  of  t h e  bazooka .  From J u n e ,  1943 

t o  March, 1945, C o l .  W .  H .  J o i n e r  r e p r e s e n t e d  t h e  War Depar tmen t .  

P a g e  3 
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F a c i l i t i e s  and S u b c o n t r a c t s  

The J e t  P r o p u l s i o n  L a b o r a t o r y  i s  l o c a t e d  w i t h i n  a f e n c e d  e n c l o s u r e  

c o v e r i n g  a p p r o x i m a t e l y  40 a c r e s  n e a r  t h e  w e s t e r n  l i m i t s  of t h e  c i t y  of  

P a s a d e n a ,  C a l i f o r n i a .  W i t h i n  t h e  e n c l o s u r e  a r e  more t h a n  80 s t r u c t u r e s  

of w i d e l y - v a r i e d  t y p e s .  Dominat ing  t h e  e n t r a n c e  i s  t h e  A d m i n i s t r a t i o n  

B u i l d i n g .  Beyond i t  a r e :  

1. Numerous t e s t  p i t s  f o r  t h e  deve lopment  of  p r o p u l s i o n  
s y s t e m s  f o r  s o l i d -  and l i q u i d - p r o p e l l a n t  r o c k e t s ,  
and f o r  r a m j e t s  and t u r b o j e t  e n g i n e s ;  

2. L a b o r a t o r i e s  f o r  r e s e a r c h  i n  h i g h - t e m p e r a t u r e  r e s i s t a n t  
m a t e r i a l s ,  and t h e  p r o c e s s i n g  of  s o l i d  p r o p e l l a n t s ;  

3. A t o w i n g  c h a n n e l  f o r  r e s e a r c h  on u n d e r w a t e r  m i s s i l e s ;  

4.  Machine ,  s h e e t  m e t a l ,  and w e l d i n g  s h o p s .  

Under c o n s t r u c t i o n  i s  a compresso r  house  t o  s u p p l y  h i g h l y -  

compressed  a i r  f o r  t h e r m o j e t  r e s e a r c h .  

The s t a f f  a t  t h e  L a b o r a t o r y  numbers more t h a n  385. The f a c i l i t i e s  

w i t h  equipment  a r e  v a l u e d  a p p r o x i m a t e l y  a t  $3,000,000. 

V a r i o u s  l a b o r a t o r i e s  on t h e  campus of t h e  C a l i f o r n i a  I n s t i t u t e  

of Technology a l s o  a r e  u t i l i z e d ;  f o r  example ,  t h e  1 0 - f o o t  wind t u n n e l  

of  t h e  Guggenheim A e r o n a u t i c a l  L a b o r a t o r y .  E x p e r t  c o n s u l t a t i o n  on  

s p e c i a l  p rob lems  i s  p r o v i d e d  by  s t a f f  members i n  s e v e r a l  d e p a r t m e n t s .  

A C h e m i s t r y  Group,  u n d e r  t h e  d i r e c t i o n  of  D r .  B. H .  Sage  of  t h e  

Depar tment  of Chemica l  E n g i n e e r i n g ,  h a s  been  c o n d u c t i n g  s p e c i a l  r e s e a r c h  

f o r  t h e  L a b o r a t o r y  f o r  s e v e r a l  y e a r s .  

A t e s t  s t a t i o n  f o r  t h e  i n v e s t i g a t i o n  of  l a r g e ,  l i q u i d - p r o p e l l a n t  

rocke t  u n i t s  i s  b e i n g  o p e r a t e d  b y  t h e  L a b o r a t o r y  f o r  t h e  ASF Ordnance 

Depar tment  a t  t h e  Muroc Army A i r  B a s e ,  C a l i f o r n i a .  

'7 - ' 1  - -  
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Numerous c o n t r a c t s  u n d e r  t h e  d i f f e r e n t  r e s e a r c h  p r o j e c t s  have  

been  p l a c e d  w i t h  i n d u s t r i a l  o r g a n i z a t i o n s  i n  v a r i o u s  p a r t s  of t h e  

U n i t e d  S t a t e s ,  i n c l u d i n g  many companies  t h r o u g h o u t  t h e  Los A n g e l e s  

a r e a .  

11. J A T O  ( J e t - A s s i s t e d  Take-Off f o r  A i r c r a f t )  

The r e s e a r c h  begun i n  1 9 3 9 ,  u n d e r  t h e  a u s p i c e s  of t h e  N a t i o n a l  

Academy of S c i e n c e ,  c o n t i n u e d  t h e  modest  work t h a t  had been  i n i t i a t e d  

i n  1936. 

p r i m a r i l y  s h o u l d  be  c o n c e r n e d  w i t h  t h e  s o l u t i o n  of  b a s i c  r e s e a r c h  

p r o b l e m s ,  t o  e n a b l e  t h e  Armed S e r v i c e s  t o  d e v e l o p  equipment  of  n o v e l  

It was u n d e r s t o o d ,  a s  i t  c o n t i n u e s  t o  b e ,  t h a t  t h e  L a b o r a t o r y  

t y p e  ' 

One of t h e  immedia te  o b j e c t i v e s  of t h e  t h r e e  young men a p p o i n t e d  

t o  c a r r y  o u t  t h e  r e s e a r c h  program f o r  t h e  f i r s t  y e a r  w a s  t o  d e v e l o p  

two t y p e s  of r o c k e t  m o t o r s ;  o n e ,  u t i l i z i n g  t h e  e n e r g y  of  a s o l i d  

p r o p e l l a n t ,  t h e  o t h e r ,  o f  a l i q u i d  p r o p e l l a n t .  

c a p a b l e  of d e l i v e r i n g  a c o n s t a n t  and s u f f i c i e n t  t h r u s t  f o r  a p e r i o d  

l o n g  enough t o  a s s i s t  a p l a n e  t o  t a k e  o f f  and r e a c h  an a l t i t u d e  

c o n s i d e r e d  s a f e  t o  c o n t i n u e  i t s  f l i g h t  u n a s s i s t e d .  

s p e c i f i e d  was of  t h e  o r d e r  of 10 t o  30 s e c o n d s .  

Both t y p e s  had  t o  be 

The p e r i o d  

The f i r s t  y e a r  was d e v o t e d  m a i n l y  t o  a s u r v e y  of e a r l y  e x p e r i e n c e  

i n  t h e  f i e l d  and t o  s t u d y  of t h e  f u n d a m e n t a l  p r o p e r t i e s  of p r o p e l l a n t s .  

How t h e  P r o j e c t  d e v e l o p e d  a s u c c e s s f u l ,  s o l i d - p r o p e l l a n t  r o c k e t  mo to r  

i s  t o l d  f i r s t .  

S o l i d - P r o p e l l a n t  Rocke t  Motors  

I n  1 9 3 9 ,  l i t t l e  i n f o r m a t i o n  was a v a i l a b l e  on powder r o c k e t s  w i t h  

d u r a t i o n  l o n g e r  t h a n  one second .  Two ways s u g g e s t e d  t h e m s e l v e s  t o  
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s o l v e  t h e  problem of d e l i v e r i n g  a p r o l o n g e d  t h r u s t .  The f i r s t  w a s  t o  

i n s t a l l  i n  a p l a n e  a g roup  o f  m o t o r s  l o a d e d  w i t h  f a s t - b u r n i n g  s o l i d  

c h a r g e s ,  and t o  f i r e  them one a t  a time i n  q u i c k  s u c c e s s i o n  s o  a s  t o  

p r o d u c e  a p r o l o n g e d  t h r u s t .  E x p e r i m e n t s  c o n d u c t e d  b y  a number of 

i n v e s t i g a t o r s  were d i s c o u r a g i n g  i n  t h a t  s u c c e s s i v e  f i r i n g  a t  s p l i t -  

s econd  i n t e r v a l s  w a s  n o t  d e p e n d a b l e ;  hence  t h r u s t  w a s  d e l i v e r e d  n o t  

c o n s t a n t l y  b u t  by  f i t s  and s t a r t s ,  s t r e n u o u s  on p i l o t  and p l a n e  a l i k e .  

The second way t h a t  s u g g e s t e d  i t s e l f  was t o  d e v e l o p  a r e s t r i c t e d -  

b u r n i n g  p r o p e l l a n t  t h a t  would b u r n  a t  one end o n l y ,  l i k e  a c i g a r e t t e ,  

i n  o r d e r  t o  p roduce  a c o n s t a n t ,  p r o l o n g e d  t h r u s t .  P r o f i t i n g  b y  

knowledge of t h e  d i f f i c u l t i e s  e n c o u n t e r e d  i n  a t t e m p t s  t o  d e v e l o p  t h e  

f i r s t  method,  t h e  P r o j e c t  d i r e c t e d  i t s  e f f o r t s  t oward  development  of 

t h e  s e c o n d .  

The f i r s t  e x p e r i m e n t s  were c o n d u c t e d  w i t h  commerc ia l  s t i c k  powders ,  

made t o  s p e c i f i c a t i o n .  The e x p e r i m e n t a l  motor  was b u i l t  o f  s t e e l  

t u b i n g  t w o  f e e t  l o n g  and one i n c h  t h i c k .  The i n s i d e  d i a m e t e r  was 

t h r e e  i n c h e s .  One end  was p l u g g e d ;  t h e  o t h e r  end  was f i t t e d  w i t h  a 

p i p e  f l a n g e  e i g h t  i n c h e s  i n  d i a m e t e r .  The motor  n o z z l e  a l s o  w a s  

f i t t e d  t o  a f l a n g e  t o  match t h e  one on t h e  motor  s o  t h a t  t h e  n o z z l e  

and motor  were c o n n e c t e d  by  b o l t i n g  t h e  two f l a n g e s  t o g e t h e r .  The 

b o l t s ,  made of r e l a t i v e l y  s o f t  s t e e l ,  were of  a d i a m e t e r  c a l c u l a t e d  

t o  g i v e  way when p r e s s u r e  i n s i d e  t h e  motor  became d a n g e r o u s l y  h i g h ;  

t h u s  t h e  n o z z l e  was p e r m i t t e d  t o  f l y  o f f  and s a v e  s h a t t e r i n g  t h e  

m o t o r .  Powder c h a r g e s  were i g n i t e d  a t  t h e  n o z z l e  end  of  t h e  moto r  b y  

an e l e c t r i c  s q u i b ;  n e a r  t h e  n o z z l e  e n d ,  a l s o ,  t h e  moto r  was t a p p e d  t o  

p e r m i t  p r e s s u r e  measurements .  
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One of t h e  d a n g e r s  a n t i c i p a t e d  i n  t h e  o p e r a t i o n  of t h e  e x p e r i m e n t a l  

motor  w a s  t h a t ,  u n d e r  t h e  p r e s s u r e  c r e a t e d ,  t h e  g a s e o u s  f l a m e  a t  t h e  

end  of t h e  s o l i d  powder s t i c k  might  s t r i k e  down be tween t h e  c h a r g e  and 

t h e  chamber w a l l .  I f  i t  d i d ,  t h e  whole c h a r g e  would b u r n  s o  r a p i d l y  

t h a t  t h e  r e s u l t  migh t  be  an e x p l o s i o n .  Or, p o s s i b l y ,  t h e  t r a n s f e r  of 

h e a t  down t h e  w a l l s  of t h e  chamber might  i g n i t e  t h e  whole c h a r g e .  To 

p r e v e n t  such  p o s s i b i l i t i e s ,  e x p e r i m e n t s  were c o n d u c t e d  w i t h  v a r i o u s  

t y p e s  of l i n e r s  whose f u n c t i o n  i t  was t o  s e a l  o f f  e f f e c t i v e l y  t h e  

.,pace be tween t h e  powder and t h e  chamber w a l l s  s o  a s  t o  r e s t r i c t  

b u r n i n g  t o  t h e  end of t h e  s t i c k .  

Ano the r  dange r  a n t i c i p a t e d  was t h a t  a s t i c k  of  powder migh t  c r a c k  

o r  c rumble  u n d e r  t h e  h i g h  p r e s s u r e  i n d u c e d  by  c o m b u s t i o n ,  h e n c e  b u r n  

t o o  f a s t  and e x p l o d e .  To minimize  t h i s  d a n g e r ,  powder s t i c k s  were 

molded i n  an h y d r a u l i c  p r e s s  u n d e r  v e r y  h i g h  p r e s s u r e .  

Over a two-yea r  p e r i o d ,  w i t h  p e r s o n n e l  augmented o n l y  i n  t h e  

second  y e a r ,  t h e  P r o j e c t  made many h u n d r e d s  of t e s t s .  D i f f e r e n t  

powder c o m b i n a t i o n s  were t r i e d  w i t h  d i f f e r e n t  l o a d i n g  t e c h n i q u e s ,  and 

w i t h  d i f f e r e n t  n o z z l e s  of v a r i o u s  d e s i g n ,  and w i t h  d i f f e r e n t  c o n s t r u c t i o n  

m d t e r i a l s .  By t h e  summer of 1941, a d e p e n d a b l e ,  s m a l l - s c a l e  moto r  and 

<I p r o p e l l a n t  had  been  d e v e l o p e d  and p u t  i n t o  l i m i t e d  p r o d u c t i o n  f o r  

e x p e r i m e n t a l  p u r p o s e s .  The motor  d e l i v e r e d  a maximum t h r u s t  of 28 

pounds  f o r  12 s e c o n d s .  Unloaded ,  t h e  u n i t  weighed  10.7 l b . ;  t h e  powder 

c h a r g e  weighed a p p r o x i m a t e l y  2 l b .  

The p r o p e l l a n t  d e v e l o p e d ,  named GALCIT 27,  was an amide powder 

p r e p a r e d  from commerc ia l  i n g r e d i e n t s .  Each two-pound c h a r g e  had  t o  

b e  p r e s s e d  i n t o  t h e  combus t ion  chamber of t h e  moto r  i n  a s e r i e s  of  

'22 s e p a r a t e  i n c r e m e n t s ,  e a c h  u n d e r  a p r e s s u r e  of 18 t o n s .  Load ing  w i t h  
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l a r g e ,  hence  fewer ,  i n c r e m e n t s ,  o r  l o a d i n g  u n d e r  l i g h t e r  p r e s s u r e ,  

p roduced  powder s t i c k s  t h a t  were l i k e l y  t o  e x p l o d e .  

The Ercoupe  F l i q h t  Tests :  C a l c u l a t i o n s  had  r e v e a l e d  t h a t  t h e  combined 

t h r u s t  of s i x  of t h e  new m o t o r s  w a s  s u f f i c i e n t  t o  j u s t i f y  t h e i r  

a p p l i c a t i o n  t o  a l i g h t  a i r p l a n e .  I t  was f e a s i b l e ,  moreove r ,  t o  f i r e  

s i x  of t h e  u n i t s  s i m u l t a n e o u s l y .  

The Germans a l r e a d y  had u s e d  j e t  p r o p u l s i o n  t o  a s s i s t  g l i d e r s  i n t o  

t h e  a i r ,  We Amer icans  had  n o t .  Our knowledge was l i m i t e d  t o  c a l c u -  

l a t i o n s  b a s e d  upon t h e o r y .  O b v i o u s l y ,  d a t a  b a s e d  on a c t u a l  t e s t s  were 

much needed  t o  check  a g a i n s t  t h e o r e t i c a l  p r e d i c t i o n s  of  t h e  d i s t a n c e  

j e t  p r o p u l s i o n  c o u l d  s h o r t e n  t a k e - o f f ,  w i t h  and w i t h o u t  o v e r l o a d i n g  a 

p l a n e .  I f  e x p e r i m e n t  p roved  t h e  t h e o r e t i c a l  c a l c u l a t i o n s  t o  be  s o u n d ,  

t h e n  t h e y  c o u l d  be  r e l i e d  upon t o  p r e d i c t  t h e  p e r f o r m a n c e  of any  

a i r p l a n e  equ ipped  w i t h  j e t s .  It  was d e s i r a b l e  t o  know, t o o ,  what  

e f f e c t  t h e  j e t  t h r u s t  would have  upon t h e  s t a b i l i t y  and c o n t r o l  o f  an 

a i r p l a n e ,  and what e f f e c t  t h e  h o t  j e t  b l a s t s  would have  upon t h e  p l a n e  

s t r u c t u r e .  

F o r  f l i g h t  t e s t s ,  t h e r e f o r e ,  t h e  A i r  M a t e r i e l  Command made 

a v a i l a b l e  t o  t h e  P r o j e c t  a low-wing monoplane ,  known a s  t h e  Ercoupe .  

I t s  w e i g h t ,  empty,  was 753 pounds .  C a p t a i n  H .  A .  Boushey,  J r . ,  t h e  

t e s t  p i l o t ,  f l ew  t h e  p l a n e  f rom Wright  F i e l d ,  Day ton ,  Oh io ,  t o  March 

F i e l d ,  n e a r  R i v e r s i d e ,  C a l i f o r n i a .  Two i d e n t i c a l  a s s e m b l i e s ,  e a c h  

i n c o r p o r a t i n g  t h r e e  r o c k e t  u n i t s ,  were i n s t a l l e d  on  t h e  p l a n e ,  one 

a s sembly  u n d e r  e a c h  wing .  A s  a s a f e t y  p r e c a u t i o n  i n  c a s e  of  e x p l o s i o n ,  

e a c h  u n i t  was d e s i g n e d  s o  t h a t  b o t h  t h e  e x h a u s t  n o z z l e  and t h e  combus- 

t i o n  chamber were f r e e  t o  f l y  c l e a r  of t h e  p l a n e .  

mounted on t h e  c o n t r o l  p a n e l ,  c o n t r o l l e d  i g n i t i o n  o f  t h e  r o c k e t  m o t o r s ,  

An e l e c t r i c a l  s w i t c h ,  
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The t e s t  program w a s  c o n d u c t e d  a t  March F i e l d ,  A u g u s t  6 t o  

Augus t  23, 1941. Witnesses,  i n c l u d i n g  b o t h  Army and Navy p e r s o n n e l ,  

viewed t h e  f i r s t  t a k e - o f f  i n  t h e  U n i t e d  S t a t e s  of  an a i r p l a n e  a s s i s t e d  

by  j e t  p r o p u l s i o n .  With t h e  e x c e p t i o n  of  s e v e r a l  f a i l u r e s  i n  p r e -  

l i m i n a r y  t r i a l s ,  t h e  t e s t s  were s u c c e s s f u l ,  t h e  e x p e r i m e n t a l  r e s u l t s  

c h e c k i n g  s a t i s f a c t o r i l y  t h e  t h e o r e t i c a l  p r e d i c t i o n s .  

With j e t  a s s i s t a n c e ,  t h e  d i s t a n c e  r e q u i r e d  f o r  t h e  p l a n e  t o  t a k e  

o f f  was s h o r t e n e d  f r o m  580 f e e t  t o  300 f e e t ,  a s a v i n g  of 48.3 p e r  c e n t .  

The time r e q u i r e d  t o  t a k e  o f f  w a s  s h o r t e n e d  f rom 13.1 s e c o n d s  t o  7 .5  

s e c o n d s ,  a s a v i n g  of 4 2 . 8  p e r  c e n t .  With an o v e r l o a d  of 285 p o u n d s ,  

t h e  d i s t a n c e  w a s  s h o r t e n e d  f rom 905 f e e t  t o  438 f e e t ,  a s a v i n g  of 

51.6 p e r  c e n t .  The t ime was s h o r t e n e d  f rom 18.8 s e c o n d s  t o  9 .5  s e c o n d s ,  

a s a v i n g  of  4 9 . 4  p e r  c e n t .  

The o p e r a t i o n  of t h e  j e t  u n i t s ,  152 b e i n g  o p e r a t e d  i n  s u c c e s s i o n  

w i t h o u t  t h e  f a i l u r e  of a m o t o r ,  had  no a d v e r s e  e f f e c t  upon e i t h e r  

s t a b i l i t y  o r  c o n t r o l  o r  upon t h e  p l a n e  s t r u c t u r e .  The p i l o t  r e m a r k e d ,  

i n  f a c t ,  t h a t  t h e  a u x i l i a r y  t h r u s t  had made e a s i e r  t h e  h a n d l i n g  o f  t h e  

p l a n e  t h r o u g h o u t  t h e  t a k e - o f f  r u n .  I n  s h o r t ,  r e s u l t s  of  t h e  f l i g h t  

t e s t s  f u l l y  j u s t i f i e d  p r o c e e d i n g  w i t h  p l a n s  t o  d e v e l o p  and t e s t  b o t h  

s o l i d -  and l i q u i d - p r o p e l l a n t  j e t  m o t o r s  d e s i g n e d  t o  d e l i v e r  1,000- 

pound t h r u s t .  

L a t e r  Developments  of J A T O :  S i m u l a t i n g  a p e r i o d  of  2 8  d a y s ,  t e s t s  were 

r u n  t o  d e t e r m i n e  t h e  keep ing  q u a l i t i e s  o r  s t o r a g e  l i f e  o f  t h e  new 

p r o p e l l a n t ,  GALCIT 27 .  Under t e s t  i t  d e t e r i o r a t e d  t o o  f a s t  f o r  u s e  i n  

t h e  s e r v i c e s .  S h r i n k a g e  of t h e  powder s t i c k  t e n d e d  t o  d r a w  i t  away 

f rom t h e  l i n e r ,  t h u s  b r e a k i n g  t h e  s e a l  of  t h e  p r o p e l l a n t  a c r o s s  t h e  

d i a m e t e r  of t h e  combus t ion  chamber and p e r m i t t i n g  f l a m e  t o  p e n e t r a t e  
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below t h e  s u r f a c e  and c a u s e  an e x p l o s i o n .  I n  September  an e x p e r i m e n t a l  

p rogram w a s  s t a r t e d  t o  improve b o t h  l i n e r  and powder .  

E a r l y  i n  1942, w h i l e  t h e  program w a s  s t i l l  i n  p r o g r e s s ,  t h e  r e p o r t  

of t h e  Navy O f f i c e r  who had w i t n e s s e d  t h e  Ercoupe  f l i g h t  l e d  t o  a c t i o n .  

The Navy c o n t r a c t e d  w i t h  t h e  P r o j e c t  t o  d e v e l o p  f o r  e x p e r i m e n t a l  

p u r p o s e s  a j e t  u n i t ,  w i t h  a c c e p t a b l e  s t o r a g e  l i f e ,  t o  d e l i v e r  200- 

pound t h r u s t  f o r  e i g h t  s e c o n d s .  The P r o j e c t  p l a n n e d  t o  i n c o r p o r a t e  i n  

t h e  u n i t  t h e  improvements  e x p e c t e d  t o  r e s u l t  f rom t h e  program i n  

p r o g r e s s .  I n  May a g r e a t l y  improved s o l i d  p r o p e l l a n t  and a s u i t a b l e  

motor  were r e a d y  f o r  t e s t i n g .  The improved p r o p e l l a n t  was d e s i g n a t e d  

a s  GALCIT 46.  

Meant ime,  t h e  P r o j e c t  had b e e n  i n v e s t i g a t i n g  t h e  whole s u b j e c t  of  

s o l i d  p r o p e l l a n t s  w i t h  t h e  i n t e n t  t o  d e v e l o p  one  b e t t e r  t h a n  GALCIT 46. 

The l a t t e r  had good s t o r a g e  l i f e ,  b u t  good o n l y  w i t h i n  t o o  n a r r o w  a 

r a n g e  of ambient  t e m p e r a t u r e s  f o r  u s e  i n  g l o b a l  w a r f a r e ,  which demands 

p r o p e l l a n t s  s u i t a b l e  f o r  use anywhere f rom A l a s k a  t o  A f r i c a .  

To d e t e r m i n e  c h a n c e s  f o r  s u c c e s s  w i t h  any f o r m u l a  combining  

i n g r e d i e n t s  e s s e n t i a l  t o  a l l  t y p e s  of p r o p e l l a n t  l i k e  GALCIT 46,  an 

i n v e s t i g a t i o n  was made of t h e  c r y s t a l l i n e  p r o p e r t i e s  and t h e  t h e r m a l  

e x p a n s i o n  r a t e s  of such  i n g r e d i e n t s .  The i n v e s t i g a t i o n  s u g g e s t e d  t h a t  

b o t h  c r y s t a l l i n e  changes  and e x p a n s i o n  r a t e s ,  o v e r  a wide r a n g e  o f  

t e m p e r a t u r e s ,  v a r i e d  s9  t h a t  p r o b a b l y  any  compound would c r a c k  and 

d i s i n t e g r a t e  i n  b u r n i n g .  

B a l l i s t i t e ,  a d i f f e r e n t  t y p e  of  p r o p e l l a n t ,  a l s o  was i n v e s t i g a t e d .  

A compound e s s e n t i a l l y  of n i t r o c e l l u l o s e  and n i t r o g l y c e r i n e ,  t h e  t y p e  

t h e n  a v a i l a b l e  had a much-des i r ed  h i g h - e n e r g y  c o n t e n t ;  b u t  i t  had  two 

s e r i o u s  drawbacks .  F i r s t ,  t h e  h i g h  t e m p e r a t u r e  of  combus t ion  made 
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motor  d e s i g n  d i f f i c u l t ,  and t h e  h o t  b l a s t  made i t  u n s u i t a b l e  f o r  USE?  

on c a r r i e r  d e c k s .  Second ,  t h e  r e l e a s e  of i t s  ene rgy  c o n t e n t  i s  t o o  

s e n s i t i v e  t o  t e m p e r a t u r e  c h a n g e s .  F o r  example ,  a r o c k e t  u n i t  l o a d e d  

w i t h  b a l l i s t i t e  and d e s i g n e d  t o  d e l i v e r  1 ,000-pound t h r u s t  a t  90°F 

c o u l d  d e l i v e r  a t  most  o n l y  600-pound t h r u s t  a t  40°F .  Though t h e  

d u r a t i o n  of t h r u s t  a t  t h e  lower  t e m p e r a t u r e  would be  l e n g t h e n e d ,  an  

a i r c r a f t  a s s i s t e d  by  such  t h r u s t  m.ight f a i l  t o  t a k e  o f f  f rom a s h o r t  

runway.  

A f t e r  e x h a u s t i n g  o t h e r  p o s s i b i l i t i e s ,  t h e  i n v e s t i g a t o r s  t u r n e d  t o  

(3 r a d i c a l l y  d i f f e r e n t  t y p e  of p r o p e l l a n t  made by  a d i f f e r e n t  p r o c e s s ,  

namely c a s t i n g  t h e  i n g r e d i e n t s  i n  a mold r a t h e r  t h a n  compress ing  them. 

What t h e y  t u r n e d  up  w i t h  w a s  d e s i g n a t e d  a s  GALCIT 53, t h e  number b e i n g  

s u g g e s t i v e  of t h e  amount of d e v e l o p m e n t a l  work t h e  P r o j e c t  had  done  on 

s o l i d  p r o p e l l a n t s .  

F i r s t  t e s t s  of t h e  molded p r o p e l l a n t  were made i n  J u n e ,  1942--by 

c o i n c i d e n c e  w h i l e  t h e  t e s t  program on GALCIT 46 was s t i l l  r u n n i n g  i t s  

c o u r s e .  GALCIT 53 showed such  p r o m i s e  t h a t  t h e  P r o j e c t  d e c i d e d  t o  g i v e  

i t  p r i o r i t y  o v e r  t h e  o t h e r ,  t o  h a s t e n  i t s  f u l l  deve lopmen t .  

The o x i d i z e r  i n  GALCIT 53 was p o t a s s i u m  p e r c h l o r a t e ,  i n  f o r m  a 

w h i t e  powder.  I n  a d d i t i o n  t o  b e i n g  p l e n t i f u l ,  i t  combines t h e  optimum 

i n  a v a i l a b l e  oxygen,  h e a t  of c o m b u s t i o n ,  and c h e m i c a l  and p h y s i c a l  

s t a b i l i t y .  The f u e l  i n  t h e  new p r o p e l l a n t  was a s p e c i a l  t y p e  of  a s p h a l t ;  

added t o  i t  w a s  a s m a l l  p e r c e n t a g e  of o i l  w i t h  an a s p h a l t  b a s e .  

The m i x t u r e  w a s  p r e p a r e d  by h e a t i n g  t h e  a s p h a l t  and o i l  i n  a 

mix ing  k e t t l e  t o  a t e m p e r a t u r e  of 350°F, t h e n  s t i r r i n g  i n  t h e  p e r c h l o -  

r a t e .  B e f o r e  t h e  combust ion  chambers  were l o a d e d  w i t h  t h e  f i n i s h e d  

p r o p e l l a n t ,  t h e y  were l i n e d  w i t h  a h o t  m i x t u r e  of a s p h a l t  and o i l .  
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When t h e  p r o p e l l a n t  had c o o l e d  s u f f i c i e n t l y ,  i t  was scooped  i n t o  t h e  

combus t ion  chambers ,  which were bounced a few times t o  a s s u r e  u n i f o r m  

s e t t l i n g ,  t h e n  se t  a s i d e  f o r  t h e  p r o p e l l a n t  t o  h a r d e n .  

I n  i t s  f i n i s h e d  f o r m ,  G A L C I T  53 i s  a b l a c k  p l a s t i c ,  a t  o r d i n a r y  

t e m p e r a t u r e s  r e s e m b l i n g  s t i f f  p a v i n g  t a r .  It c a n  be  d e t o n a t e d  w i t h  

d i f f i c u l t y  i f  a t  a l l .  Only  w i t h  p a t i e n c e  can  i t  b e  i g n i t e d  w i t h  a 

match f l a m e ;  b u t  once  i g n i t e d  i t  b u r n s  f i e r c e l y ,  e m i t t i n g  a w h i t e  l i g h t  

and d e n s e  w h i t e  smoke. Burn ing  i n  a combus t ion  chamber u n d e r  p r e s s u r e  

of 1,800 pounds p e r  s q u a r e  i n c h ,  t h e  p r o p e l l a n t  g i v e s  an a v e r a g e  e x h a u s t  

v e l o c i t y  of 5,300 f e e t  p e r  second a t  an a v e r a g e  b u r n i n g  r a t e  of  1 .25 

i n c h e s  p e r  s econd .  

The new a s p h a l t - b a s e  p r o p e l l a n t  had s e v e r a l  a d v a n t a g e s  o v e r  a l l  

t h e  e a r l i e r  o n e s .  It  was e a s i e r  t o  p r e p a r e  and i n g r e d i e n t s  were more 

r e a d i l y  a v a i l a b l e ;  i t  c o u l d  be s t o r e d  a t  w i d e r  t e m p e r a t u r e  l i m i t s ,  

and w i t h i n  t h o s e  l i m i t s  it c o u l d  b e  s t o r e d  i n d e f i n i t e l y  w i t h o u t  d e t e r i -  

o r a t i n g ,  whereas  t h e  e a r l i e r  p r o p e l l a n t s  had a t e n d e n c y  i n  s t o r a g e  t o  

p u l l  away f rom t h e  l i n e r ,  l e a v i n g  t i n y  c r a c k s ,  which  l e d  t o  e x p l o s i o n s .  

U n i t s  l o a d e d  w i t h  t h e  new p r o p e l l a n t  were recommended t o  be f i r e d  

a t  t e m p e r a t u r e s  be tween 40°F and 11O0F. Much above t h e  recommended 

t e m p e r a t u r e  it became v i s c o u s  and f l o w e d .  T h e r e f o r e ,  i t  was i m p e r a t i v e  

t h a t  i n v a r i a b l y  t h e  J A T O  u n i t s  be  s t o r e d  r i g h t  s i d e  u p .  

The r o c k e t  motor  d e s i g n e d  f o r  u s e  w i t h  GALCIT 53 was c o n s t r u c t e d  

t o  meet s p e c i f i c a t i o n s  s e t  b y  t h e  Bureau  of A e r o n a u t i c s ,  Navy D e p a r t -  

ment .  It was a p p r o x i m a t e l y  13 i n c h e s  l o n g  and f i v e  and o n e - h a l f  i n c h e s  

i n  d i a m e t e r .  The n o z z l e  p l a t e ,  which w a s  sc rewed i n t o  t h e  end  of  t h e  

combus t ion  chamber ,  w a s  equ ipped  w i t h  a n o z z l e ,  an i g n i t i o n  s q u i b ,  and 

a s a f e t y  d e v i c e ,  c a l l e d  a blow-out  p l u g .  The p l u g  w a s  a c o p p e r  d i s k  
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d e s i g n e d  t o  blow o u t  a t  a p r e s s u r e  a p p r o x i m a t e l y  of  3,000 pounds  p e r  

s q u a r e  i n c h ,  t h u s  p e r m i t t i n g  excess  g a s e s  t o  e s c a p e .  To p r e v e n t  

d a n g e r  f r o m  f l y i n g  p i e c e s  and t e m p o r a r y  e x c e s s i v e  t h r u s t  o f  t h e  j e t  

u n i t  a t  t h e  i n s t a n t  o f  f a i l u r e ,  a c a p  w i t h  f o u r  h o l e s  i n  i t s  s i d e  

w a l l s  was screwed o v e r  t h e  d i s k .  The h o l e s  i n  t h e  c a p  p e r m i t t e d  t h e  

g a s  f l o w  t o  emerge i n  f o u r  j e t s  which  m u t u a l l y  c a n c e l e d  t h r u s t  i n  any  

one d i r e c t i o n .  

Once t h e  d e v e l o p m e n t a l  work was f i n i s h e d  on t h e  r o c k e t  u n i t  j u s t  

d e s c r i b e d ,  t h e  Navy c o n t r a c t e d  w i t h  t h e  A e r o j e t  E n g i n e e r i n g  C o r p o r a t i o n  

of Pasadena  t o  m a n u f a c t u r e  a l i m i t e d  number f o r  e x p e r i m e n t a l  p u r p o s e s .  

I n  1 9 4 3  t h e  Navy, h a v i n g  a g r e a t e r  u s e  f o r  j e t - a s s i s t e d  t a k e - o f f  t h a n  

t h e  Army, began  p l a c i n g  l a r g e  o r d e r s  f o r  m o t o r s  d e l i v e r i n g  n o t  o n l y  

200-pound t h r u s t ,  b u t  500- and t h e n  1 ,000-pound  t h r u s t .  Deve lopmen ta l  

work on t h e s e  l a r g e r  u n i t s  w a s  c a r r i e d  on b o t h  b y  t h e  L a b o r a t o r y  and 

by A e r o j e t .  Today J A T O  i s  a commonplace word among f l i e r s  t h r o u g h o u t  

t h e  Armed S e r v i c e s .  

S i n c e  1942,  most  of  t h e  work done by  t h e  L a b o r a t o r y  t o  improve 

s o l i d  p r o p e l l a n t s  h a s  been  d i r e c t e d  toward  w i d e n i n g  t h e  t e m p e r a t u r e  

l i m i t s  f o r  s a f e  o p e r a t i o n .  I n  1 9 4 3 ,  t h e  L a b o r a t o r y  d e v e l o p e d  GALCIT 

61-C ,  which t h e  Navy c o n t i n u e d  t o  u s e  u n t i l  t h e  war ended .  I n c r e a s i n g  

t h e  s i z e  of r o c k e t  u n i t s  u t i l i z i n g  s o l i d  p r o p e l l a n t s  i s  l a r g e l y  a 

m a t t e r  of s c a l i n g  up  s m a l l e r  m o d e l s .  A p p l i c a t i o n  of s o l i d  p r o p e l l a n t s  

t o  o t h e r  k i n d s  of v e h i c l e s ,  however ,  i s  a n o t h e r  s u b j e c t .  I t  w i l l  b e  

d e a l t  w i t h  i n  a l a t e r  s e c t i o n .  
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L i q u i d - P r o p e l l a n t  Rocket  Motors  

S i m u l t a n e o u s l y  w i t h  t h e  deve lopment  of s o l i d - p r o p e l l a n t  m o t o r s  i n  

J u l y ,  1939 ,  t h e  L a b o r a t o r y  u n d e r t o o k  t h e  deve lopment  of l i q u i d  p r o p e l -  

l a n t s  more s a t i s f a c t o r y  t h a n  any  t h e n  i n  u s e .  

One of t h e  i n i t i a l  d i f f i c u l t i e s  w a s  t o  f i n d  a s u i t a b l e  l i q u i d  

o x i d i z e r  f o r  t h e  l i q u i d  f u e l  w h i c h ,  i t  was t a k e n  f o r  g r a n t e d ,  would 

be  some one of s e v e r a l  e a s i l y  o b t a i n a b l e .  The c o n v e n t i o n a l  c h o i c e  of 

an o x i d i z e r  would have  been  oxygen i t s e l f .  Commerc ia l ly ,  it was 

a v a i l a b l e  i n  b o t h  g a s e o u s  and l i q u i d  f o r m s ;  b u t  g a s e o u s  oxygen i s  

i m p r a c t i c a b l e  f o r  use e i t h e r  i n  a r o c k e t  o r  a i r p l a n e  b e c a u s e  s t o r a g e  

t a n k s  s t r o n g  enough t o  c o n t a i n  it a r e  p r o h i b i t i v e l y  heavy .  L i q u i d  

oxygen was a l s o  o b j e c t i o n a b l e  b e c a u s e  i t s  p h y s i c a l  p r o p e r t i e s  made it 

d i f f i c u l t  e i t h e r  t o  s t o r e  o r  t o  t r a n s p o r t ;  t h u s  i t s  u s e  i n  m o b i l e  war-  

f a r e  was l i m i t e d .  

B u t  i f  p u r e  oxygen had i t s  d rawbacks ,  so  had  c h e m i c a l  compounds 

t h a t  l i b e r a t e  f r e e  oxygen when combined w i t h  s u i t a b l e  f u e l s .  E a r l i e r  

e x p e r i m e n t e r s  had f o u n d  t h a t ,  i f  t h e  compounds worked a t  a l l ,  t h e y  

were l i k e l y  e i t h e r  t o  p roduce  r e s i d u e s  t h a t  e r o d e d  e x h a u s t  n o z z l e s ,  

o r  e l s e  c a u s e  some o t h e r  d i f f i c u l t y  t h a t  s e r i o u s l y  lowered  t h e  

e f f i c i e n c y  of m o t o r s .  

Red Fuminq N i t r i c  A c i d  a s  an O x i d i z e r :  A s  p a r t  of t h e i r  work be tween  

1936 and 1 9 3 9 ,  t h e  GALCIT R e s e a r c h  Group had made some p r e l i m i n a r y  

s t u d y  of l i q u i d  o x i d i z e r s ,  s t a r t i n g  w i t h  a r e v i e w  of t h e  d a t a  t h e i r  

p r e d e c e s s o r s  had  made a v a i l a b l e .  A f t e r  f o u r  months of  work i n  1939, 

t h e y  had r e d u c e d  t o  f o u r  t h e  compounds t h a t  recommended t h e m s e l v e s  

f o r  f u r t h e r  s t u d y .  W i t h i n  an a d d i t i o n a l  s i x  weeks,  by  s t i l l  more 

r i g o r o u s  p r o c e s s  of  e l i m i n a t i o n ,  t h e y  had  r e d u c e d  t h e  f o u r  t o  o n e ;  
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namely, red fuming nitric acid, a solution of nitric acid and nitroqen 

dioxide, with the chemical formula HN03N02  (referred to hereafter 

simply as nitric acid or acid). 

It was recognized that, on account of its poisonous properties, 

the chemical would have to be handled carefully; and that its corrosive 

characteristics would restrict its use exclusively to those metals and 

other materials it could not corrode. The limitations, however, were 

not considered insuperable. But it remained to be seen whether the 

acid could be made to decompose and burn completely with a fuel. 

Preliminary tests, completed just before Christmas, 1939, proved that 

it did, and notably well with gasoline and benzine. The tests were 

conducted in open crucibles. 

Work began on the design of a small motor and accompanying apparatus 

to test the behavior of the nitric acid and fuel in a combustion 

chamber, as well as to study methods for cooling the motor, for injec- 

ting the fuel, and for measuring thrust. The finished assembly 

consisted of the following: a device to measure thrust, a rocket motor 

with a conventional spark plug let into the side wall, two propellant- 

supply tanks, and a cylinder of nitrogen under pressure to inject the 

liquids into the combustion chamber. 

Because the combustion temperature for liquid propellants under 

pressure is higher than the melting point of many metals, precaution 

had to be taken. The combustion chamber, the end plug, and the nozzle 

block were solid copper; for, in spite of its relatively-low melting 

point, the metal absorbs heat faster than any except silver; hence 

copper could be relied upon to keep the temperature safely below the 

melting point--provided, of course, the motor was operated only for 
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s h o r t  p e r i o d s .  The moto r  w a l l s  were  v e r y  t h i c k ,  m o r e o v e r ,  b e c a u s e  t h e  

more o f  t h e  m e t a l  t h e r e  i s ,  t h e  more h e a t  i t  a b s o r b s .  

I n  May a l l  w a s  i n  r e a d i n e s s  t o  t e s t  t h e  b e h a v i o r  o f  n i t r i c  a c i d  

and f u e l  i n  a c o m b u s t i o n  chamber .  A l l  t h e  t e s t s  p e r f o r m e d  were an 

u n q u a l i f i e d  s u c c e s s .  J u d g i n g  b y  t h e  c l e a n  f l a m e ,  c o m b u s t i o n  had  b e e n  

a l m o s t  i f  n o t  q u i t e  c o m p l e t e .  

The P r o j e c t  c e l e b r a t e d  i t s  f i r s t  b i r t h d a y ,  J u l y  1, 1940, b y  i n i t i a t -  

i n g  a program f o r  t h e  deve lopmen t  of  n i t r i c  a c i d  a s  an  o x i d i z e r .  F o r  

t h e  t ime b e i n g  a t  l e a s t ,  t h e  many d i f f i c u l t i e s  i n h e r e n t  i n  t h e  d e v e l o p -  

ment of  l i q u i d  oxygen c o u l d  b e  f o r g o t t e n .  The way was open t o  d e v e l o p ,  

a s  d i r e c t e d  b y  t h e  Army A i r  C o r p s ,  a l i q u i d - p r o p e l l a n t  r o c k e t  u n i t  t o  

d e l i v e r  1 ,000-pound  t h r u s t  f o r  a p p r o x i m a t e l y  one m i n u t e .  

Development  of  t h e  F i r s t  1 ,000-Pound  T h r u s t  Moto r :  E n g i n e e r i n g  p r a c t i c e  

s u g g e s t e d  t h a t  t h e  deve lopmen t  o f  t h e  p r o j e c t e d  m o t o r  and i t s  a s s e m b l y  

s h o u l d  p r o c e e d ,  n o t  i n  a s i n g l e  s t e p  f rom a s m a l l  model  t o  t h e  f u l l -  

s i z e  o n e ,  b u t  t h r o u g h  i n t e r m e d i a t e  mode l s  g r a d u a t e d  i n  s i z e ,  i n  o r d e r  

t o  m i n i m i z e  t h e  d i f f i c u l t i e s  l i k e l y  t o  a r i s e  a s  s c a l e  i n c r e a s e s .  

A n o t h e r  r e a s o n  f o r  making h a s t e  s l o w l y  w a s  t h a t  manpower and f a c i l i t i e s  

were  s t r i c t l y  l i m i t e d .  A s  a s t a r t e r ,  t h e n ,  t h e  P r o j e c t  d e s i g n e d  a 

u n i t  t o  d e l i v e r  t h r u s t  of  200 p o u n d s .  

T i m e  o u t  t o  c l e a r  g round  and c o n s t r u c t  b u i l d i n g s  d u r i n g  t h e  summer 

of  1940  d e l a y e d  deve lopmen t  of t h e  p r o j e c t e d  u n i t .  But  l a t e  i n  

F e b r u a r y ,  1 9 4 1 ,  i t  was a s sembled  i n  t h e  new t e s t  p i t  d e s i g n e d  t o  h o u s e  

i t .  One end  of  t h e  s t r u c t u r e  was l e f t  open t o  e x p e d i t e  t h e  e s c a p e  of  

fumes. The open end  f a c e d  i n t o  a hillside, where  t h e  solid e a r t h  

s h o u l d  a c t  a s  a c u s h i o n  f o r  f l y i n g  m i s s i l e s  i n  ca se  of e x p l o s i o n s .  
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A s  an added p r e c a u t i o n ,  w a l l s  were b u i l t  of  h e a v y  r a i l r o a d  t i e s  s e t  

u p r i g h t  l i k e  t h e  t i m b e r s  i n  a s t o c k a d e .  

I n  t h e  f i r s t  t e s t ,  t h e  motor  b l e w  up .  But  s a f e t y  b o l t s  

s h e a r e d  a s  c a l c u l a t e d ,  and t h e  t h r e e  e s s e n t i a l  p a r t s  o f  t h e  moto r  

r e m a i n e d  i n t a c t .  I n  a l l ,  some f i f t e e n  t e s t s  on t h e  moto r  f a i l e d .  

Meant ime,  a C h e m i s t r y  Group,  u n d e r  d i r e c t i o n  of  t h e  Depar tment  of  

Chemica l  E n g i n e e r i n g  a t  t h e  C a l i f o r n i a  I n s t i t u t e  o f  Techno logy ,  u n d e r -  

t o o k  t o  i n v e s t i g a t e  t h e  r e a c t i o n  o f  n i t r i c  a c i d  and g a s o l i n e .  

While  t h e  t e s t s  on t h e  f i r s t  moto r  were s t i l l  i n  p r o g r e s s ,  a 

s econd  motor  w i t h  200-pound t h r u s t  was s p e e d i n g  i t s  way f r o m  t h e  d e s i g n  

b o a r d  t o  t h e  machine  shop.  The end  p l a t e ,  made of  s t a i n l e s s  s t e e l ,  was 

u t i l i z e d  a s  an i n j e c t o r ,  w i t h  f o u r  s m a l l  o r i f i c e s ;  two f o r  g a s o l i n e ,  

and two f o r  n i t r i c  a c i d .  The combus t ion  chamber was a l e n g t h  of  s t e e l  

t u b i n g  w i t h  a s p a r k  p l u g  l e t  i n t o  t h e  w a l l .  The e x h a u s t  n o z z l e  was 

c o p p e r .  

The c h i e f  d i f f i c u l t y  i n  t e s t s  on t h e  u n i t  was w i t h  i g n i t i o n .  

U n l e s s  i t  was i n s t a n t a n e o u s - - a n d  o f t e n  i t  was no t - - such  q u a n t i t i e s  of  

p r o p e l l a n t s  c o l l e c t e d  i n  t h e  chamber t h a t ,  when t h e y  d i d  i g n i t e ,  t h e  

motor  b l ew up .  

I n  May, a t h i r d  motor  was r e a d y  f o r  t e s t i n g .  It b lew up on t h e  

f i r s t  t e s t ,  t h e  b l a z i n g  p r o p e l l a n t s  s e t t i n g  f i r e  t o  t h e  t e s t  p i t .  

While  r e p a i r s  were u n d e r  way, work was g o i n g  f o r w a r d  on a f o u r t h  

m o t o r ,  which  i n c o r p o r a t e d  a new i n j e c t o r  d e s i g n .  S i x  o r i f i c e s ,  mani-  

f o l d e d  and d r i l l e d  i n  a c i r c l e  a b o u t  t h e  c e n t e r  o f  t h e  end  p l a t e ,  i n -  

j e c t e d  g a s o l i n e ;  t w e l v e  more ,  m a n i f o l d e d  i n  a l a r g e r  c i r c l e ,  i n j e c t e d  

a c i d .  

p i n g e d  a t  a common f o c a l  p o i n t ,  t h u s  m i x i n g  and d i s p e r s i n g  t h e  l i q u i d s  

All o r i f i c e s  were d r i l l e d  a t  an a n g l e  s o  t h a t  t h e  p r o p e l l a n t s  i m -  
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i n  a f i n e  s p r a y .  To i n s u r e  a smooth s t r e a m  f l o w ,  e a c h  o r i f i c e  w a s  

e q u i p p e d  w i t h  a c a r e f u l l y - m a c h i n e d  t i p  t h a t  s c rewed  i n t o  p l a c e .  The 

s p a r k  p l u g  was p r o t e c t e d  b y  a s a f e t y  s h i e l d  t o  p r e v e n t  t h e  p r o p e l l a n t  

components  f rom s h o r t  c i r c u i t i n g  i t .  

E a r l y  i n  J u l y ,  1941,  t h e  f o u r t h  moto r  was r e a d y  f o r  t e s t i n g .  It 

worked .  O p e r a t i o n  t h r o u g h o u t  t h e  t e s t  p e r i o d  j u s t i f i e d  t h e  n e x t  s t e p  

i n  t h e  d e v e l o p m e n t a l  p rog ram,  t h e  d e s i g n  of  a mo to r  t o  d e l i v e r  500- 

pound t h r u s t .  

Excep t  f o r  a s i n g l e  e x p l o s i o n ,  t h e  t e s t  p rogram c a r r i e d  o u t  on t h e  

500-pound t h r u s t  m o t o r  w a s  s u c c e s s f u l .  The p rogram y i e l d e d  i n v a l u a b l e  

i n f o r m a t i o n ,  n o t a b l y :  

1. how t o  r e d u c e  t h e  p r e s s u r e  of  t h e  n i t r o g e n ,  which  f e d  t h e  

p r o p e l l a n t s  t o  t h e  c o m b u s t i o n  chamber ,  t h u s  p e r m i t t i n g  a 

s i m p l e r  and l i g h t e r  p r o p e l l a n t - s u p p l y  s y s t e m ;  

2 .  how t o  s e l e c t  t h e  p r o p e l l a n t  m i x t u r e  r a t i o  t o  c o n t r o l  

c o m b u s t i o n  t e m p e r a t u r e ;  

3. and how t o  d e s i g n  an e x h a u s t  n o z z l e  t h a t  t h e  h o t  g a s e s  

e r o d e d  l e s s  t h a n  any  e a r l i e r  one .  

Tests  on t h e  500-pound t h r u s t  u n i t  c o i n c i d e d  w i t h  t h e  E r c o u p e  

f l i g h t  t e s t s  a t  March F i e l d .  By S e p t e m b e r ,  t h r e e  i m p o r t a n t  d e c i s i o n s  

were made: 

1. t o  p r o c e e d  a t  once  w i t h  a d e s i g n  f o r  a l i q u i d - p r o p e l l a n t  

r o c k e t  m o t o r ,  t o  d e l i v e r  1 ,000-pound  t h r u s t ;  

2 .  t o  i n c r e a s e  t h e  p e r s o n n e l ,  and t o  d i v i d e  it i n t o  two g r o u p s ;  

one t o  d e v e l o p  moto;s, t h e  o t h e r  t o  work on p r o b l e m s  of i n -  

s t a l l a t i o n  and c o n t r o l s  t h a t  had  t o  b e  s o l v e d  b e f o r e  t h e  

p r o j e c t e d  u n i t s  c o u l d  b e  t e s t e d  i n  an  a i r p l a n e ;  

T 
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3 .  t o  r e q u e s t  t h e  AAF t o  p r o v i d e  a p l a n e  s u i t a b l e  f o r  moun t ing  

and t e s t i n g  t w i n  a s s e m b l i e s ,  e a c h  w i t h  t h r u s t  of 1,000 pounds .  

The f i r s t  r o c k e t  motor  d e s i g n e d  t o  d e l i v e r  1 ,000-pound t h r u s t  was 

r e a d y  f o r  t e s t i n g  i n  O c t o b e r .  It  d i f f e r e d  f rom t h e  p r e c e d i n g  one n o t  

o n l y  i n  s c a l e  b u t  i n  t h a t  i t  was e q u i p p e d  w i t h  two s p a r k  p l u g s  i n s t e a d  

of o n e ,  and w i t h  a m a n i f o l d e d  i n j e c t o r  h a v i n g  45 o r i f i c e s  i n s t e a d  of  18. 

The f i r s t  t e s t s  were a d e c i d e d  d i s a p p o i n t m e n t .  Sometimes i g n i t i o n  

was d e l a y e d ;  sometimes i t  f a i l e d  a l t o g e t h e r .  And i n  a d d i t i o n  a new 

t r o u b l e  a p p e a r e d .  S p o r a d i c a l l y ,  t h e  motor  began  t o  p u l s e ,  s l i g h t l y  a t  

f i r s t  b u t  i n c r e a s i n g  i n  i n t e n s i t y  u n t i l  a t  t h e  f o u r t h  o r  f i f t h  t h r o b ,  

i f  n o t  s h u t  o f f ,  it would blow up .  

Fo r  f o u r  months t h e  Motor Group l a b o r e d  t o  improve i g n i t i o n  and 

c o m b u s t b n ,  and t o  s t o p  t h r o b b i n g .  I n  t h e  e n d ,  t h o u g h  i g n i t i o n  was 

improved s o  t h a t  i t  worked p o s s i b l y  80 p e r  cen t  of t h e  time, t h r o b b i n g  

s t i l l  p r e s e n t e d  a b a f f l i n g  problem.  

A n i l i n e  a s  a F u e l :  A t  t h e  Naval  Exper imen t  S t a t i o n ,  A n n a p o l i s ,  Mary land ,  

a n o t h e r  g roup  of i n v e s t i g a t o r s  had been  h a v i n g  t r o u b l e  w i t h  t h e  com- 

b u s t i o n  of n i t r i c  a c i d  and g a s o l i n e .  They s u g g e s t e d ,  t a l k i n g  i t  o v e r  

w i t h  D r .  Ma l ina  who was v i s i t i n g  t h e  S t a t i o n ,  t h a t  p e r h a p s  t h e  a d d i t i o n  

of a n i l i n e  t o  t h e  g a s o l i n e  might  h e l p .  Dr. Mal ina  t e l e g r a p h e d  h i s  

g roup i n  P a s a d e n a ,  s u g g e s t i n g  a n i l i n e ,  n o t  s i m p l y  a s  an a d d i t i v e  t o  

g a s o l i n e  b u t  a s  a s u b s t i t u t e  f o r  i t .  

P u t  i n t o  p r a c t i c e ,  t h e  s u g g e s t i o n  worked. Not o n l y  d i d  i t  work ,  

b u t  i t  l e d  t o  t h e  d i s c o v e r y  i n  t h e  U n i t e d  S t a t e s  t h a t  a n i l i n e  i s  

s p o n t a n e o u s l y  c o m b u s t i b l e  w i t h  r e d  fuming n i t r i c  a c i d .  Thus ,  a t  once ,  

i g n i t i o n ,  combus t ion ,  and t h r o b b i n g  problems were s o l v e d .  
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But t h e r e  was s t i l l  a s e r i o u s  q u e s t i o n  t o  b e  d e c i d e d .  Shou ld  t h e  

a t t e m p t  be  abandoned t o  d e v e l o p  g a s o l i n e  a s  a f u e l  i n  f a v o r  of a n i l i n e ?  

G a s o l i n e  h a s  a g r e a t  a d v a n t a g e  f o r  m i l i t a r y  o p e r a t i o n s  i n  t h a t  it i s  

a v a i l a b l e ,  a s  a r e  f a c i l i t i e s  f o r  h a n d l i n g  i t  and o p e r a t o r s  who know 

how. A n i l i n e ,  on t h e  o t h e r  h a n d ,  t h o u g h  a v a i l a b l e ,  i s  a t o x i c  l i q u i d  

t h a t  a f f e c t s  t h e  b l o o d ,  and it i s  r e a d i l y  a b s o r b e d  t h r o u g h  t h e  p o r e s  

of t h e  s k i n .  If  a d o p t e d ,  f a c i l i t i e s  f o r  h a n d l i n g  i t  would have  t o  b e  

d e v e l o p e d ,  and crews would have  t o  b e  t a u g h t  how t o  u s e  it p r o p e r l y .  

But t h e  d e c i s i o n  was made, i n  t h e  e n d ,  t o  adop t  a n i l i n e .  

The f i r s t  two i n j e c t o r s  d e s i g n e d  t o  s p r a y  a n i l i n e  and a c i d  i n t o  

t h e  combust ion  chamber were f a i l u r e s .  I n  t h e  t h i r d ,  e i g h t  j e t s  of  

l i q u i d  impinged i n  p a i r s  e q u i d i s t a n t  f r o m  one a n o t h e r .  Each o f  t h e  

f o u r  r e s u l t i n g  j e t s  formed a s t r e a m  p r a c t i c a l l y  p a r a l l e l  w i t h  t h e  w a l l s  

of  t h e  combust ion  chamber s o  t h a t  l i t t l e  of  t h e  p r o p e l l a n t s  washed 

a g a i n s t  t h e  chamber w a l l s .  With t h e  t h i r d  i n j e c t o r ,  combust ion  i n  t h e  

1 ,000-pound t h r u s t  motor  was i n s t a n t a n e o u s  and i n f a l l i b l e .  

The A-20A F l i q h t  Tes ts :  The c h i e f  p u r p o s e  of t h e  p r o j e c t e d  f l i g h t  t e s t s  

w a s  t o  g a i n  i n f o r m a t i o n  abou t  a i r - b o r n e  equipment  and c o n t r o l  d e v i c e s  

e s s e n t i a l  f o r  p r a c t i c a l  a p p l i c a t i b n  t o  l i q u i d - p r o p e l l a n t  r o c k e t  u n i t s .  

The c h o i c e  of a n  a i r p l a n e  s u i t a b l e  f o r  mount ing  and t e s t i n g  a 

p a i r  o f  u n i t s ,  e a c h  w i t h  1,000-pound t h r u s t  f o r  a d u r a t i o n  of a p p r o x i -  

m a t e l y  25 s e c o n d s ,  s e t t l e d  upon a b i -moto r  Douglas  bomber,  t h e  A-20A. 

The w e i g h t  of t h e  p l a n e ,  empty,  was 14,000 pounds .  I t s  t a i l  s u r f a c e s  

were h i g h  enough t o  c l e a r  t h e  j e t s  f rom t h e  m o t o r s ;  and t h e  n a c e l l e  

t a i l  c o n e s ,  which p r o j e c t e d  r e a r w a r d s  wel l  b e h i n d  t h e  w i n g s ,  p r o v i d e d  

ample s p a c e  t o  house  a u n i t .  T h i s  s p a c e  i s  u s e d  sometimes t o  mount a 

machine gun f i r i n g  a f t .  
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The Des ign  and C o n t r o l  Group w a s  r e s p o n s i b l e  f o r  a l l  i n s t a l l a t i o n s .  

E a r l y  i n  t h e  w i n t e r  of 1941,  t h e  Group was  engaged  i n  p r e p a r i n g  a 

comple t e  mockup, o r  dummy, of t h e  moto r  and a l l  t h e  e q u i p m e n t ,  e x a c t l y  

a s  t h e  a s sembly  would be  mounted i n  t h e  A - 2 0 A .  The work w a s  e x p e d i t e d  

i n  J a n u a r y  when t h e  AAF s e n t  d e t a i l e d  d r a w i n g s  o f  t h e  p l a n e  and an  

a c t u a l  n a c e l l e  cone  t o  work w i t h .  

A s i m p l i f i e d  d e s c r i p t i o n  of  t h e  a s sembly  and i t s  i n s t a l l a t i o n  i n  

t h e  p l a n e  i s  a s  f o l l o w s :  t h e  n i t r o g e n  t a n k s  t o  s u p p l y  p r e s s u r e  f o r  

t h e  p r o p e l l a n t s  were l o c a t e d  i n  t h e  f o r w a r d  bomb b a y ,  w i t h  a l i n e  

l e a d i n g  t o  e a c h  n a c e l l e  cone .  I n  e a c h  cone were l o c a t e d  a m o t o r ,  t w o  

p r o p e l l a n t  t a n k s ,  and a v a l v e - - a c t u a t e d  by  h y d r a u l i c  p r e s s u r e - - t o  c o n t r o l  

t h e  p r o p e l l a n t  s u p p l y .  The end  of  e a c h  cone  was c u t  o f f  i n  o r d e r  t o  

g i v e  t h e  e x h a u s t  n o z z l e  n e c e s s a r y  c l e a r a n c e .  I n  t h e  r e a r  c o c k p i t  were 

s i x  p r e s s u r e  gauges  t o  measure  t h e  pe r fo rmance  of t h e  i n s t a l l a t i o n ,  

and e l e v e n  c o n t r o l s ,  a l l  a c c e s s i b l e  t o  t h e  o p e r a t o r  s t a t i o n e d  t h e r e .  

Among t h e  numerous s a f e t y  p r e c a u t i o n s  t a k e n ,  two e s p e c i a l l y  d e s e r v e  

n o t i c e .  Each m o t o r ,  mounted on  s l i d e s ,  was r e s t r a i n e d  b y  h y d r a u l i c  

t h r u s t  j a c k s  i n  o r d e r  t o  p e r m i t  r e c o i l  s o  t h a t ,  i f  t h e r e  was an 

e x p l o s i o n ,  t h e  p l a n e  would n o t  have  t o  a b s o r b  t h e  f o r w a r d  t h r u s t  of  t h e  

combus t ion  chamber.  The p u r p o s e  of t h e  second p r e c a u t i o n  was t o  a v o i d  

d e s t r u c t i v e  t h r u s t  if t h e  n o z z l e  was blown o f f .  It was c o u p l e d  t o  t h e  

motor  body b y  a p a i r  of shock  a b s o r b e r s  s o  t h a t  t h e  two u n i t s  c o u l d  

r e a c t  upon one a n o t h e r  i n s t e a d  of one  of them r e a c t i n g  on t h e  p l a n e ;  

moreove r ,  b o t h  of them would b e  b r o u g h t  t o  a f u l l  s t o p  w i t h i n  a few 

i n c h e s ,  
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The f l i g h t  t e s t s  w i t h  t h e  A - 2 0 A  were c o n d u c t e d  a t  t h e  AAF Bombing 

and Gunnery Range a t  Muroc, C a l i f o r n i a ,  A p r i l  7 t o  A p r i l  24, 1942. The 

p i l o t  was Major  P .  H .  Dane. Dur ing  t h e  t e s t s  44 s u c c e s s i v e  r u n s  were 

made w i t h o u t  any m i s f i r e s  o r  e x p l o s i o n s .  F o r  t h e  f i r s t  t ime i n  t h e  

U n i t e d  S t a t e s ,  an a i r p l a n e  had t a k e n  o f f ,  a s s i s t e d  by  l i q u i d - p r o p e l l a n t  

r o c k e t  u n i t s .  

L i k e  t h e  e a r l i e r  t e s t s  w i t h  t h e  E r c o u p e ,  t h o s e  w i t h  t h e  A - 2 0 A  were 

h i g h l y  s u c c e s s f u l .  R e d u c t i o n  i n  d i s t a n c e s  r e q u i r e d  t o  t a k e  o f f  were 

v e r y  c l o s e  t o  t h o s e  p r e d i c t e d .  And t h e  e x p e r i e n c e  g a i n e d  i n  t h e  

deve lopment  of t h e  e x p e r i m e n t a l  u n i t  c l e a r e d  t h e  way f o r  t h e  d e s i g n  

and m a n u f a c t u r e  of a s e r v i c e  t y p e .  A c c o r d i n g l y ,  t h e  A e r o j e t  E n g i n e e r i n g  

Corp .  t o o k  o v e r .  Development of  b o t h  l a r g e r  and d i f f e r e n t  t y p e s  h a s  

b e e n  c a r r i e d  o u t  s ince  b y  A e r o j e t  and b y  t h e  L a b o r a t o r y ,  work ing  

c o o p e r a t i v e l y  and i n d e p e n d e n t l y .  

111. J E T  PROPULSION UNDER WATER 

The Hydrobomb 

I n  1943, t h e  Armament L a b o r a t o r y  of  t h e  AAF a r r a n g e d  w i t h  t h e  J e t  

P r o p u l s i o n  L a b o r a t o r y ,  GALCIT t o  d e v e l o p  a mi s s i l e  t o  be l a u n c h e d  f r o m  

a bombing p l a n e  and t o  b e  p r o p e l l e d  a t  h i g h  speed  u n d e r  w a t e r  by means 

e i t h e r  of  s o l i d -  o r  l i q u i d - p r o p e l l a n t  r o c k e t  u n i t s .  

The miss i le  a t  p r e s e n t  u n d e r  deve lopment  i s  c a l l e d  t h e  hydrobomb. ,  

Two d i f f e r e n t  p r o t o t y p e  models  have  been  b u i l t  f o r  t h e  AAF; one b y  t h e  

West inghouse  M a n u f a c t u r i n g  Company, and one b y  t h e  U n i t e d  Shoe Mach ine ry  

Company. 

of t h e s e  p r o t o t y p e s .  

The L a b o r a t o r y  h a s  d e s i g n e d  and c o n s t r u c t e d  h a l f - s c a l e  models 
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A f u l l - s c a l e  model ,  c o n s t r u c t e d  b y  t h e  U n i t e d  Shoe Machinery  

Company, i s  more t h a n  10 f e e t  l o n g ,  w i t h  a maximum d i a m e t e r  of 28 i n c h e s .  

Des igned  t o  be l a u n c h e d  a t  s p e e d s  up  t o  350 miles  an h o u r ,  and t o  

t r a v e l  unde r  w a t e r  a t  70 miles  an h o u r ,  t h e  missi le  i s  d r i v e n  b y  a 

s o l i d - p r o p e l l a n t  r o c k e t  u n i t  d e l i v e r i n g  2200-pound t h r u s t  f o r  30 s e c o n d s .  

The r a n g e  of t h e  miss i le  i s  1,000 y a r d s ;  g r o s s  w e i g h t ,  a p p r o x i m a t e l y  

3200 pounds ;  and t h e  w e i g h t  of  t h e  warhead ,  1250 pounds .  

F a c i l i t i e s  f o r  R e s e a r c h  

O f  f u n d a m e n t a l  i m p o r t a n c e  i n  t h e  r e s e a r c h  program u n d e r t a k e n  t o  

d e v e l o p  t h e  hydrobomb was b a s i c  i n f o r m a t i o n  upon t h e  hydrodynamic 

c h a r a c t e r i s t i c s  of t h e  p roposed  m i s s i l e .  It was i m p e r a t i v e  t o  know, 

f o r  example ,  t h e  e f f e c t  of j e t  p r o p u l s i o n  upon s t a b i l i t y  and p e r f o r m a n c e  

of an u n d e r w a t e r  m i s s i l e ,  and t h e  e f f e c t  of  j e t  p r o p u l s i o n  upon c a v i -  

t a t i o n ,  a phenomenon we l l  known t o  d e s i g n e r s  of h i g h - s p e e d  u n d e r w a t e r  

c r a f t  

The c a u s e  of c a v i t a t i o n  may be  e x p l a i n e d  a s  f o l l o w s :  when a 

s t r e a m l i n e d  body moves t h r o u g h  w a t e r ,  t h e  w a t e r  p r e s s u r e  a t  c e r t a i n  

p o r t i o n s  of t h e  s u r f a c e  i s  r e d u c e d .  A s  t h e  s p e e d  of t h e  c r a f t  i n c r e a s e s ,  

t h e  p r e s s u r e  f u r t h e r  d e c r e a s e s  u n t i l ,  a t  a c e r t a i n  c r i t i c a l  v a l u e ,  t h e  

p r e s s u r e  d r o p  i s  so  g r e a t  t h a t  t h e  w a t e r  v a p o r i z e s  and f o r m s  b u b b l e s .  

The b u b b l e s  c l i n g  t o  t h e  s u r f a c e  where t h e y  a r e  i n i t i a t e d .  E x t e n s i v e  

c a v i t a t i o n  s e r i o u s l y  impedes t h e  m o t i o n  of  an u n d e r w a t e r  c r a f t  by  

i n c r e a s i n g  i t s  d r a g  i n  t h e  w a t e r .  D e s i g n e r s ,  t h e r e f o r e ,  e x e r c i s e  e v e r y  

p r e c a u t i o n  t o  r e d u c e  it t o  a minimum. 

I n f o r m a t i o n  c o n c e r n i n g  f u n d a m e n t a l s  such  a s  t h o s e  s u g g e s t e d  i s  

p r o c u r e d  t h r o u g h  t h e  i n t e r p l a y  of t h e o r e t i c a l  and e x p e r i m e n t a l  methods .  
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One a c t s  a s  a check  upon t h e  o t h e r  u n t i l  a t  l a s t  a l l  t h e  d e s i r e d  

i n f o r m a t i o n  i s  a t  hand .  

The e x p e r i m e n t a l  p a r t  of t h e  r e s e a r c h  program se t  up  t o  d e v e l o p  

t h e  hydrobomb demanded e l a b o r a t e  a p p a r a t u s ,  u s e f u l  a l s o  i n  o t h e r  

i n v e s t i g a t i o n s  of p r o p u l s i o n  u n d e r  w a t e r .  T h i s  a p p a r a t u s  i s  a t o w i n g  

c h a n n e l  equ ipped  w i t h  f a c i l i t i e s  f o r  o b s e r v i n g  and m e a s u r i n g  t h e  

b e h a v i o r  unde r  w a t e r  e i t h e r  of models  o r  of f u l l - s c a l e  c r a f t .  

The towing  c h a n n e l  b u i l t  a t  t h e  L a b o r a t o r y  i s  open  t o  t h e  w e a t h e r .  

C o n s t r u c t e d  of r e i n f o r c e d  c o n c r e t e ,  i t  i s  500 f e e t  l o n g ,  16 f e e t  d e e p ,  

and 12 f e e t  wide .  A s t r i d e  t h e  c h a n n e l  r i d e s  a t owing  c a r r i a g e ,  t h e  

w h e e l s  mounted on c a r e f u l l y - l e v e l e d  s t e e l  t r a c k s  r u n n i n g  t h e  l e n g t h  of 

t h e  c h a n n e l .  The c a r r i a g e ,  d r i v e n  b y  an e l e c t r i c  m o t o r ,  c a n  r u n  f a s t e r  

t h a n  40 mi l e s  an h o u r .  O r i g i n a l l y ,  it w a s  d r i v e n  b y  t h r e e  l i q u i d -  

p r o p e l l a n t  r0cke . t  u n i t s .  

P r e p a r a t o r y  t o  a model t e s t ,  t h e  c a r r i a g e  i s  r a i s e d  on h y d r a u l i c  

j a c k s .  Suspended f rom t h e  c e n t e r  of t h e  c a r r i a g e  i s  a s t r u t ,  a d j u s t -  

a b l e  t o  any l e n g t h  up t o  12 f e e t .  A model i s  a t t a c h e d  t o  t h e  f r e e  end  

of t h e  s t r u t .  When t h e  c a r r i a g e  i s  l o w e r e d ,  t h e  model i s  submerged 

r e a d y  f o r  t e s t i n g .  E l e c t r i c a l  s t r a i n - g a u g e s  i n s t a l l e d  w i t h i n  t h e  model 

c o n n e c t  t h r o u g h  t h e  s t r u t  w i t h  an o s c i l l o g r a p h  i n  t h e  c a r r i a g e .  A s  

t h e  c a r r i a g e  tows  t h e  model t h e  l e n g t h  of t h e  c h a n n e l ,  t h e  s t r a i n -  

gauges  measure  t h e  hydrodynamic f o r c e s  a c t i n g  upon t h e  model ,  and t h e  

f o r c e s  a r e  r e c o r d e d  by  t h e  o s c i l l o g r a p h .  The q u a n t i t i e s  t o  b e  measu red  

a re  known t e c h n i c a l l y  a s  l i f t ,  d r a g ,  and p i t c h i n g  moment. 

On one s i d e  of t h e  c h a n n e l ,  midway between t h e  e n d s ,  i s  an unde r -  

ground o b s e r v a t i o n  room w i t h  a g l a s s  window l e t  i n t o  t h e  c h a n n e l  w a l l .  

* 
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The b e h a v i o r  of f l o w  o v e r  t h e  s u r f a c e  of a model i s  s t u d i e d  v i s u a l l y  

and r e c o r d e d  by  cameras .  

One of t h e  c h i e f  d i f f i c u l t i e s  e n c o u n t e r e d  i n  t h e  o p e r a t i o n  of  t h e  

towing  c h a n n e l  h a s  been  t o  overcome v i b r a t i o n  i n  t h e  c a r r i a g e  when i t  

r u n s  a t  h i g h  s p e e d s ,  f o r  v i b r a t i o n  s e r i o u s l y  i n t e r f e r e s  w i t h  t h e  

a c c u r a t e  r e c o r d i n g  of t h e  o s c i l l o g r a p h .  O p e r a t i o n  h a s  been  improved 

c o n s i d e r a b l y  by  c o a t i n g  t h e  s t e e l  w h e e l s  w i t h  r u b b e r  and b y  s t i f f e n i n g  

t h e  c a r r i a g e  s t r u c t u r e  a s  a who le .  

R e s e a r c h  on t h e  Hydrobomb 

R e s p o n s i b i l i t y  f o r  t h e  a c t u a l  d e s i g n  o f  d i f f e r e n t  e x p e r i m e n t a l  

models  of t h e  hydrobomb r e s t s  w i t h  a g e n c i e s  o t h e r  t h a n  t h e  J e t  

P r o p u l s i o n  L a b o r a t o r y .  The r e s p o n s i b i l i t y  of t h e  L a b o r a t o r y  i n  t h e  

deve lopment  of t h e  models  i s  t o  measure  t h e  l i f t ,  d r a g ,  and p i t c h i n g  

moment; i n  o t h e r  w o r d s ,  t h e  hydrodynamic f o r c e s  e x e r t e d  upon a model 

i n  m o t i o n .  The shape  of a model and t h e  s i z e  of  t h e  c o n t r o l  s u r f a c e s  

( f i n s  and r u d d e r s )  i n f l u e n c e  n o t  o n l y  t h e  b e h a v i o r  of  t h e s e  f o r c e s  b u t  

t h e  e x t e n t  of  c a v i t a t i o n  a s  w e l l .  

The motor  u sed  f o r  t e s t i n g  t h e  hydrobomb model b u r n s  a s o l i d  

p r o p e l l a n t  d e l i v e r i n g  t h e  s p e c i f i e d  t h r u s t  o f  2200 pounds f o r  a d u r a t i o n  

of  30 s e c o n d s .  A l o n g  e x h a u s t  n o z z l e  was n e c e s s i t a t e d  by  t h e  r e q u i r e d  

l e n g t h  of t h e  m i s s i l e ;  and t h e  h e a t  t h e  n o z z l e  d e v e l o p e d  had t o  be 

a s c e r t a i n e d  a c c u r a t e l y  t o  make sure  i t  was n o t  g r e a t  enough t o  a f f e c t  

t h e  o p e r a t i o n  of c o n t r o l  mechanisms i n s t a l l e d  a d j a c e n t  t o  t h e  n o z z l e .  

A s p e c i a l  p r o p e l l a n t  had t o  be  d e v e l o p e d  f o r  t h e  hydrobomb b e c a u s e  

i t s  geomet ry  i s  such  t h a t  a s o l i d  p r o p e l l a n t  m u s t  be  made t o  b u r n  a t  

t h e  r a t e  of one i n c h  p e r  second i f  t h e  m i s s i l e  i s  t o  d e l i v e r  a 2200- 

pound t h r u s t  f o r  30 s e c o n d s .  The r e s u l t  was GALCIT 65, a m o d i f i c a t i o n  
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of GALCIT 61-C, an e a r l i e r  deve lopment  of  t h e  L a b o r a t o r y .  Work on t h e  

new p r o p e l l a n t  p r o c e e d e d  r a p i d l y  a f t e r  p o t a s s i u m  n i t r a t e  was  i n t r o d u c e d  

i n  o r d e r  t o  s l o w  t h e  b u r n i n g  r a t e .  

The new p r o p e l l a n t ,  s e a l e d  i n t o  r o c k e t  m o t o r s  w i t h  t h e  s t a n d a r d  

l i n e r  ment ioned  i n  c o n n e c t i o n  w i t h  JATO u n i t s ,  was s u b j e c t e d  t o  t e s t s  

s i m u l a t i n g  l a u n c h i n g  f rom an a i r p l a n e  f l y i n g  a t  d i f f e r e n t  v e l o c i t i e s  

up  t o  400 miles p e r  h o u r .  

A r o c k e t  u n i t  l a u n c h e d  a t  h i g h  v e l o c i t y  h i t s  t h e  w a t e r  w i t h  such  

t e r r i f i c  f o r c e  t h a t  i t  was f e a r e d  t h e  impac t  migh t  c r a c k  t h e  p r o p e l l a n t  

o r  l i n e r ,  o r  e l s e  s e p a r a t e  t h e  p r o p e l l a n t  f rom t h e  l i n e r ,  o r  p e r h a p s  

s e p a r a t e  t h e  l i n e r  f rom t h e  s t e e l  w a l l s  of  t h e  moto r .  Any one  of  t h e s e  

m i s h a p s  would r e n d e r  undependab le  t h e  f i r i n g  of  a u n i t .  It was 

n e c e s s a r y ,  a l s o ,  t o  d e t e r m i n e  t h e  e f f e c t  of t e m p e r a t u r e  upon t h e  a b i l i t y  

of  t h e  p r o p e l l a n t  and l i n e r  t o  w i t h s t a n d  t h e  impac t  f o l l o w i n g  l a u n c h i n g .  

The t e s t  p r o c e d u r e  w a s  t o  l a u n c h  a dummy t o r p e d o  f i t t e d  w i t h  a 

l o a d e d ,  s o l i d - p r o p e l l a n t  m o t o r ,  t h e n  l a t e r  t o  f i r e  t h e  u n i t  i n  a t e s t  

p i t  w h e r e ,  i f  i t  e x p l o d e d ,  it would do no harm. Resul ts  showed GALCIT 

65 c a p a b l e  of w i t h s t a n d i n g  impac t  r e s u l t i n g  f rom l a u n c h i n g  v e l o c i t i e s  

up  t o  385 miles  p e r  h o u r .  The l a u n c h i n g  t e s t s  were made a t  t h e  Torpedo 

Launching  Range d e v e l o p e d  b y  t h e  C a l i f o r n i a  I n s t i t u t e  of  Techno logy  

f o r  t h e  Navy a t  M o r r i s  Dam, C a l i f o r n i a .  

I V .  THE ORDCIT PROJECT 

O b j e c t i v e  

The ORDCIT P r o j e c t  was i n i t i a t e d  a s  t h e  r e s u l t  o f  a memorandum 
/ s u b m i t t e d  by  D r .  von Karman, H .  S .  T s i e n ,  and F .  J .  Mal ina  t o  t h e  

Ordnance  Department  i n  November, 1943. I n  J a n u a r y ,  1944, 
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Major  G e n e r a l  G .  M .  B a r n e s  r e q u e s t e d ,  i n  a l e t t e r  a d d r e s s e d  t o  

D r .  von K i r m a n ,  t h a t  t h e  J e t  P r o p u l s i o n  L a b o r a t o r y  u n d e r t a k e  a r e s e a r c h  

and development  program on l o n g - r a n g e ,  j e t - p r o p e l l e d  mi s s i l e s .  The 

p r o j e c t  was t h e  f i r s t  of i t s  k ind  i n  t h e  U n i t e d  S t a t e s .  

The P r o j e c t  i s  b a s e d  upon a c o n t r a c t  be tween t h e  ASF Ordnance  

Depar tment  and t h e  L a b o r a t o r y .  A s  a r e s u l t ,  t h e  AAF and t h e  Ordnance  

Depar tment  u t i l i z e  c o o p e r a t i v e l y  t h e  s t a f f  and f a c i l i t i e s  of t h e  

L a b o r a t o r y .  

The p r i m a r y  p u r p o s e  of t h e  c o n t r a c t  i s  t o  o b t a i n  f u n d a m e n t a l  

i n f o r m a t i o n  t o  a s s i s t  t h e  deve lopment  of l o n g - r a n g e ,  j e t - p r o p e l l e d  

m i s s i l e s ,  t o g e t h e r  w i t h  s u i t a b l e  l a u n c h i n g  equ ipmen t .  The c o n t r a c t  

c a l l s  f o r  t h e  d e s i g n  and f a b r i c a t i o n  of p r o t o t y p e  t e s t  v e h i c l e s ,  

d e l i v e r e d  r e a d y  f o r  f i r i n g  t e s t s - - t h e  a c t u a l  t e s t  programs t o  b e  

c a r r i e d  o u t  unde r  t h e  s u p e r v i s i o n  of t h e  Ordnance Depar tment  a t  what-  

e v e r  r a n g e s  t h e y  d e s i g n a t e .  B u t  t h e  s cope  of t h e  c o n t r a c t  i s  s u f -  

f i c i e n t l y  b r o a d  t o  i n c l u d e  b a s i c  r e s e a r c h  on:  

1. P r o p e l l a n t s  and m a t e r i a l s  e s s e n t i a l  f o r  j e t - p r o p u l s i o n  d e v i c e s ,  

2 .  Equipment f o r  t h e  r emote  c o n t r o l  of g u i d e d  m i s s i l e s ,  

3. The ae rodynamics  of g u i d e d  m i s s i l e s  ( i . e . ,  m i s s i l e s  s t a b i l i z e d  
and g u i d e d  by  f i n s  and w i n g s ) .  

The f o l l o w i n g  a c c o u n t  of t h e  r e s e a r c h  and development  a t  p r e s e n t  

unde r  way i s  i n  t h e  n a t u r e  of a p r o g r e s s  r e p o r t  on work b e i n g  done  

unde r  t h e  ORDCIT C o n t r a c t .  

The PRIVATE A and t h e  PRIVATE F 

The f i r s t  s t e p  toward  t h e  p r i m a r y  o b j e c t i v e - - a  l o n g - r a n g e  g u i d e d  

m i s s i l e  p r o p e l l e d  by r o c k e t  t h r u s t - - w a s  t h e  d e s i g n  and f a b r i c a t i o n  of 

t h e  PRIVATE A .  Its p u r p o s e  w a s  t o  p r o v i d e  e x p e r i m e n t a l  d a t a  on t h e  
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e f f e c t  of s u s t a i n e d  r o c k e t  t h r u s t  on a mi s s i l e  s t a b i l i z e d  by  f i x e d  f i n s ,  

and t o  p r o v i d e  knowledge on t h e  u s e  of b o o s t e r  r o c k e t s  f o r  l a u n c h i n g  

mis s i l e s .  

Approx ima te ly  8 f e e t  l o n g ,  t h e  PRIVATE A t a p e r e d  t o  a s h a r p  n o s e  

d e s i g n e d  f o r  s u p e r s o n i c  f l i g h t ,  and i t  was g u i d e d  a t  t h e  a f t  end  b y  

f o u r  f i n s ,  e a c h  e x t e n d i n g  12 i n c h e s  f rom t h e  motor  body.  I t s  g r o s s  

w e i g h t  was more t h a n  500 pounds ,  i n c l u d i n g  a pay  l o a d  of  60 pounds .  

D r i v e n  by  a s o l i d - p r o p e l l a n t  r o c k e t  u n i t  m a n u f a c t u r e d  by  t h e  A e r o j e t  

E n g i n e e r i n g  C o r p o r a t i o n ,  t h e  miss i le  d e l i v e r e d  t h r u s t  o f  1,000 pounds  

f o r  o v e r  30 s e c o n d s .  

The b o o s t e r  u n i t ,  which s u p p l i e d  a u x i l i a r y  t h r u s t  t o  i n i t i a t e  

q u i c k  t a k e - o f f ,  was a s t e e l  c a s i n g  d e s i g n e d  t o  mount f o u r  Ordnance  

a i r c r a f t  armament r o c k e t s ,  e a c h  4 1/2 i n c h e s  i n  d i a m e t e r ,  and 

m a n i f o l d e d  s o  a s  t o  i n s u r e  s i m u l t a n e o u s  f i r i n g .  Open a t  t h e  c e n t e r  t o  

p e r m i t  c l e a r a n c e  of t h e  j e t  b l a s t  f rom t h e  PRIVATE, t h e  b o o s t e r  w a s  

d e s i g n e d  t o  d e l i v e r  t h r u s t  of more t h a n  21,500 pounds .  

i n s t a l l e d  t o  p r e v e n t  r o t a t i o n  i n  t h e  l a u n c h e r  b o t h  of t h e  b o o s t e r  and 

t h e  PRIVATE; and b o t h  v e h i c l e s  were h e l d  i n  i n t i m a t e  c o n t a c t  by  a 

s h e a r i n g  p i n  i n  o r d e r  t o  p r e v e n t  t h e  d e s t r u c t i v e  impac t  which o t h e r -  

D e v i c e s  were 

w i s e  would have  o c c u r r e d  when t h e  b o o s t e r  u n i t  was f i r e d ,  a s  i t  had  

t o  b e ,  an i n s t a n t  a f t e r  t h e  main moto r  of t h e  PRIVATE was f i r e d .  

The l a u n c h e r  was a r e c t a n g u l a r  s t e e l  boom o f  t h e  t r u s s  t y p e ,  w i t h  

f o u r  g u i d e  r a i l s  i n s i d e  i t s  r i g i d  s t r u c t u r e .  The boom was mounted on 

a s t e e l  b a s e  by  means of  a p i v o t  j o i n t  s o  t h a t  i t  was a d j u s t a b l e  b o t h  

l a t e r a l l y  and v e r t i c a l l y .  

f u n c t i o n  of i t s  l e n g t h  w a s  t w o f o l d ;  t o  s u p p o r t  t h e  miss i le  and g u i d e  

i t  on i t s  c o u r s e  u n t i l  i t  a t t a i n e d  v e l o c i t y  s u f f i c i e n t  t o  g a i n  

The l e n g t h  of  t h e  boom was  36 f e e t .  The 
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a e r o d y n a m i c a l  s t a b i l i t y ,  and t o  a l l o w  t h e  b o o s t e r  u n i t  t o  b u r n  c o m p l e t e l y  

and t o  d i s c o n n e c t  i t s e l f  f rom t h e  PRIVATE b e f o r e  t h e  miss i le  c l e a r e d  

t h e  l a u n c h e r .  

F i r i n g  t e s t s  of  t h e  PRIVATE A were c a r r i e d  o u t  a t  Leach S p r i n g ,  

Camp I r w i n ,  n e a r  B a r s t o w ,  C a l i f o r n i a ,  December 1-16, 1944. Twenty- 

f o u r  r o u n d s  were f i r e d  i n  a l l .  The a v e r a g e  r a n g e  was a p p r o x i m a t e l y  

18,000 y a r d s ;  t h e  maximum 20,000 y a r d s  (11.3 m i l e s ) .  

I n  t h e  s p r i n g  f o l l o w i n g  t h e  t e s t s  of t h e  PRIVATE A ,  a n o t h e r  e x p e r i -  

m e n t a l  r o c k e t  was r e a d y  f o r  t e s t i n g .  It  was d e s i g n e d  t o  e x p l o r e  t h e  

e f f e c t  of l i f t i n g  s u r f a c e s  upon a g u i d e d  m i s s i l e .  C a l l e d  t h e  PRIVATE F ,  

it was e s s e n t i a l l y  t h e  same r o c k e t  a s  t h e  PRIVATE A; b u t ,  i n s t e a d  of 

f o u r  s y m m e t r i c a l  g u i d i n g  f i n s  a t  t h e  a f t  e n d ,  i t  had  one  f i n  and two 

h o r i z o n t a l  l i f t i n g  s u r f a c e s  w i t h  a t o t a l  span  of n e a r l y  5 f e e t .  A t  t h e  

f o r w a r d  end of t h e  m i s s i l e ,  t o  t r i m  i t  i n  f l i g h t ,  were two s t u b b y  w i n g s ,  

t h e i r  t o t a l  s p a n ,  l e s s  t h a n  3 f e e t .  

Few changes  were made i n  t h e  b o o s t e r  f o r  t h e  PRIVATE F ,  b u t  t h e  

s p r e a d  of t h e  wings  and l i f t i n g  s u r f a c e s  on t h e  m i s s i l e  d i c t a t e d  c h a n g e s  

i n  t h e  l a u n c h e r .  I t  had two r a i l s  above ,  r a t h e r  t h a n  f o u r  i n s i d e ,  t h e  

s t e e l  framework.  

The f i r i n g  t e s t s  were a t  t h e  Hueco Range ,  F o r t  Bl i ss ,  T e x a s ,  

A p r i l  1-13, 1945. 

f l i g h t  p a t h  of miss i les ,  and w i t h  cameras  f o r  r e c o r d i n g  i n i t i a l  t r a -  

j e c t o r i e s .  S e v e n t e e n  r o u n d s  were f i r e d .  Though t h e  t e s t s  p r o v i d e d  

v a l u a b l e  d a t a  of a h i g h l y - t e c h n i c a l  n a t u r e ,  t h e y  d e m o n s t r a t e d  t h a t  a 

mi s s i l e  w i t h  l i f t i n g  s u r f a c e s  r e q u i r e s  f l i g h t  c o n t r o l  equipment  f o r  

r e g u l a r  f l i g h t .  

The Range was e q u i p p e d  w i t h  r a d a r  f o r  t r a c k i n g  t h e  
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The WAC CORPORAL 

By f a r  t h e  most  s p e c t a c u l a r  miss i le  t h e  L a b o r a t o r y  h a s  d e v e l o p e d  

i s  a r o c k e t - w i t h  t h e  code name WAC CORPORAL. It was t e s t e d  d u r i n g  t h e  

autumn of 1945. Some i n f o r m a t i o n  abou t  t h e  mi s s i l e  was r e l e a s e d  i n  

March,  1946.  Now t h a t  t h e  ORDCIT c o n t r a c t  h a s  b e e n  r e c l a s s i f i e d ,  t h e  

Army Ordnance Depar tment  i s  a t  l i b e r t y  t o  r e l e a s e  more abou t  t h e  s t o r y  

of t h e  WAC CORPORAL f rom i t s  i n c e p t i o n  t o  t h e  f l i g h t  t e s t  a l r e a d y  

r e p o r t e d .  

P r e l i m i n a r y  P rob lems :  I n  December,  1944, t h e  Ordnance  Depar tment  r e -  

q u e s t e d  t h e  ORDCIT P r o j e c t  t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  of  a h i g h -  

a l t i t u d e  r o c k e t  t o  c a r r y  25 pounds of  m e t e o r o l o g i c a l  equipment  t o  an 

a l t i t u d e  of  a t  l e a s t  100,000 f e e t ,  o r  a lmos t  1 9  mi l e s ,  i n  a c c o r d a n c e  

w i t h  a r e q u i r e m e n t  of  t h e  S i g n a l  C o r p s .  

E a r l y  s t e p s  toward  t h e  f u l f i l l m e n t  of t h e  a s s ignmen t  i n c l u d e d  a 

s e r i e s  of s t u d i e s .  F i r s t ,  a t h e o r e t i c a l  s t u d y  was made t o  d e t e r m i n e  

w h e t h e r ,  w i t h  t h e  r o c k e t  p r o p u l s i o n  s y s t e m s  a v a i l a b l e  a t  t h e  t ime ,  t h e  

r e q u e s t e d  pe r fo rmance  f o r  t h e  r o c k e t  c o u l d  be a c h i e v e d .  

When t h e  t h e o r e t i c a l  s t u d y  i n d i c a t e d  t h a t  t h e  r e q u e s t e d  pe r fo rmance  

was p o s s i b l e ,  an i n v e s t i g a t i o n  wag begun t o  d e t e r m i n e  t h e  r e q u i r e d  

w e i g h t  of t h e  m i s s i l e ,  i t s  t h r u s t ,  and t h e  d u r a t i o n  of  t h r u s t ;  f o r  

upon these  and o t h e r  r e q u i r e m e n t s  i t s  d e s i g n  would be based .  

The i n v e s t i g a t i o n  a l s o  e v a l u a t e d  a l t e r n a t i v e s  f o r  m e e t i n g  c e r t a i n  

of t h e  r e q u i r e m e n t s .  It was d e c i d e d ,  f o r  example ,  t o  i n i t i a t e  f l i g h t  

w i t h  a b o o s t e r ,  and t o  u s e  a l a u n c h i n g  tower  f o r  g u i d a n c e  of  t h e  miss i le  

u n t i l  i t  a c h i e v e d  a v e l o c i t y  sa fe  f o r  h o l d i n g  v e r t i c a l  f l i g h t .  

a l t e r n a t i v e  would have  r e q u i r e d  equipment  even  more c o m p l i c a t e d  t h a n  a 

l a u n c h e r  and b o o s t e r  t o  c o n t r o l  t h e  f l i g h t  of  t h e  missi le  on i t s  upward 

c o u r s e .  

The 
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Innumerab le  e s s e n t i a l s  of t h e  p roposed  d e s i g n ,  i n c l u d i n g  b o t h  

mi s s i l e  and a u x i l i a r i e s ,  c a l l e d  f o r  t e c h n i c a l  knowledge o b t a i n a b l e  

o n l y  t h r o u g h  e x p e r i m e n t .  T h e r e f o r e ,  a s  a p r e r e q u i s i t e  t o  t h e  a c t u a l  

d e s i g n i n g  of many e s s e n t i a l  p a r t s ,  an e x p e r i m e n t a l  p rogram had t o  be  

c a r r i e d  o u t .  

A f e a t u r e  of t h e  e x p e r i m e n t a l  p rogram was t h e  f a b r i c a t i o n  and 

'Lest of a o n e - f i f t h  s c a l e  model of  t h e  WAC CORPORAL. The p u r p o s e  of 

t h e  t e s t  w a s  t o  d e t e r m i n e  whe the r  t h r e e  t a i l  f i n s  would s u f f i c e  i n s t e a d  

of t h e  u s u a l  f o u r ,  and whe the r  t h e  m i s s i l e - b o o s t e r  c o m b i n a t i o n  chosen  

p r o v i s i o n a l l y  would p e r f o r m  a s  a n t i c i p a t e d .  Tes ts  of  t h e  BABY WAC, 

made a t  G o l d s t o n e  Range ,  C a l i f o r n i a ,  J u l y  3-5, 1945, c o n f i r m e d  t h e  

c h o i c e  of t h r e e  f i n s  and t h e  m i s s i l e - b o o s t e r  c o m b i n a t i o n  s e l e c t e d .  

The m i s s i l e ,  b o o s t e r ,  l a u n c h e r ,  and o t h e r  equipment  a s  f i n a l l y  

approved  and f a b r i c a t e d  f o r  t h e  t e s t s  a r e  d e s c r i b e d  h e r e w i t h .  

The Miss i l e :  Approximate  o u t s i d e  d i m e n s i o n s  of t h e  WAC CORPORAL were: 

l e n g t h  16 f e e t  f rom t h e  n e e d l e - p o i n t e d  nose  t o  t h e  t r i - f i n n e d  t a i l ;  

d i a m e t e r  1 2  i n c h e s .  The g r o s s  w e i g h t  was 665 pounds .  Empty, t h e  

m i s s i l e  weighed l e s s  t h a n  300 pounds .  It d e l i v e r e d  t h r u s t  of 1500 

pounds f o r  45 s e c o n d s .  

The s o u r c e  of power was a l i q u i d - p r o p e l l a n t  r o c k e t  motor  d e v e l o p e d  

by t h e  A e r o j e t  E n g i n e e r i n g  C o r p o r a t i o n .  The motor  w a s  c o o l e d  b y  t h e  

f l o w  of f u e l  w i t h i n  t h e  j a c k e t  w a l l s  j u s t  b e f o r e  i t  e n t e r e d  t h e  com- 

b u s t i o n  chamber.  The L a b o r a t o r y  a d a p t e d  t h e  motor  t o  u t i l i z e  n i t r i c  

a c i d  a s  an o x i d i z e r ;  and a n i l i n e  a s  a f u e l - - a  s p o n t a n e o u s l y - c o m b u s t i b l e  

p r o p e l l a n t  c o m b i n a t i o n  t h e  L a b o r a t o r y  had begun t o  d e v e l o p  i n  1942, 

s h o r t l y  a f t e r  t h e  t e s t  f l i g h t  of t h e  A-20A. 
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The p r e s s u r e  r e q u i r e d  t o  f o r c e  t h e  p r o p e l l a n t s  i n t o  t h e  combus t ion  

chamber w a s  s u p p l i e d  by  compressed  a i r  i n s t e a d  of n i t r o g e n ,  c o n v e n t i o n -  

a l l y  u s e d  f o r  t h e  p u r p o s e .  The s u b s t i t u t i o n  w a s  made t o  s i m p l i f y  

o p e r a t i o n  i n  t h e  f i e l d .  

P i c t u r e s  of t h e  WAC CORPORAL show a b l i s t e r  r u n n i n g  a l o n g  p a r t  of 

i t s  l e n g t h .  The b l i s t e r  i s  a f a i r i n g  which c o v e r s  t h e  p i p e  l i n e s  

r u n n i n g  f o r w a r d  f rom t h e  a i r  t a n k ,  and a f t  f rom t h e  p r o p e l l a n t  t a n k s  

( s ee  cut -away s k e t c h  of  t h e  WAC CORPORAL). 

The p r o p u l s i v e  sys t em w a s  s t a r t e d  b y  t h e  o p e r a t i o n  of a d e v i c e  

known a s  an i n e r t i a  v a l v e ,  i n c o r p o r a t e d  i n  t h e  c o m p r e s s e d - a i r  c i r c u i t .  

When t h e  b o o s t e r  a c c e l e r a t e d  t h e  mi s s i l e  o u t  of t h e  l a u n c h e r ,  t h e  

f o r c e  of  i n e r t i a  a u t o m a t i c a l l y  opened t h e  v a l v e ,  which t r a n s m i t t e d  a i r  

p r e s s u r e ,  a t  one and t h e  same t i m e ,  t o  t h e  p r o p e l l a n t  t a n k s  and t o  t h e  

a c t u a t i n g  p i s t o n  of  t h e  main p r o p e l l a n t  v a l v e .  

F i t t e d  i n t o  t h e  n o s e  of t h e  WAC CORPORAL, i n  a d d i t i o n  t o  m e t e o r -  

o l o g i c a l  i n s t r u m e n t s ,  were p a r a c h u t e  and a u t o m a t i c  d e v i c e s  f o r  r e l e a s i n g  

b o t h  t h e  e n t i r e  n o s e  cone  and t h e  p a r a c h u t e ;  an  a r r angemen t  t h a t  

recommended i t s e l f  i f  t h e  i n s t r u m e n t s  i n s t a l l e d  were t o  be r e c o v e r e d  

i n t a c t .  

The B o o s t e r :  The b o o s t e r  p l a n n e d  o r i g i n a l l y  t o  a c c e l e r a t e  t h e  miss i le  

p r o v e d  t o  be  i n a d e q u a t e .  S u b s t i t u t e d  f o r  i t  was a m o d i f i c a t i o n  of t h e  

Navy r o c k e t  known a s  TINY TIM. Changes were made i n  t h e  f i n s  and n o s e  

and t h r u s t  was i n c r e a s e d .  Des igned  t o  d e l i v e r  t h r u s t  o f  30,000 pounds  

f o r  one  s e c o n d ,  t h e  r o c k e t  was m o d i f i e d  t o  d e l i v e r  50,000-pound t h r u s t  

f o r  l i t t l e  more t h a n  h a l f  a second.  

C a l c u l a t i o n s  i n d i c a t e d ,  however ,  t h a t  i n  l i t t l e  more t h a n  h a l f  a 

s econd  t h e  b o o s t e r  and miss i le  would r i s e  some 216 f e e t ,  a p r o h i b i t i v e  
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h e i g h t  f o r  a l a u n c h i n g  t o w e r .  It w a s  d e c i d e d ,  t h e r e f o r e ,  t o  r e t a i n  a 

t ower  h e i g h t  of 100 f e e t ,  t h e  h e i g h t  a g r e e d  upon e a r l i e r  t o  meet 

s p e c i f i c a t i o n s  a s  p l a n n e d  o r i g i n a l l y .  Des ign  had t o  a l l o w ,  t h e n ,  f o r  

p a r t  of t h e  b o o s t  t o  t a k e  p l a c e  i n  f r e e  f l i g h t ,  ungu ided  by t h e  l a u n c h i n g  

t o w e r .  

E a r l i e r  e x p e r i e n c e  w i t h  t h e  PRIVATE A had t a u g h t  much a b o u t  t h e  

t e c h n i q u e  f o r  c o u p l i n g  b o o s t e r  and miss i le  i n  c l o s e  c o n t a c t  f o r  t h e  

d u r a t i o n  of  a b o o s t ,  and abou t  t h e  a u t o m a t i c  r e l e a s e  a t  t h e  end of  t h e  

p e r i o d .  E x p e r i m e n t s  w i t h  t h e  o n e - f i f t h  s c a l e  BABY WAC had c o n f i r m e d  

t h e  d e s i g n  chosen  f o r  t h e  c o n t a c t - r e l e a s e  mechanism, n o t  t o  m e n t i o n  t h e  

f a c t  t h a t  a 1 0 0 - f o o t  t ower  w a s  h i g h  enough.  

The Launche r :  The l a u n c h e r ,  f a b r i c a t e d  of s t r u c t u r a l  s t e e l ,  was a 

t r i a n g u l a r  tower  102 f e e t  h i g h ,  w i t h  t h r e e  l a u n c h i n g  r a i l s  s e t  120° 

a p a r t ,  p r o v i d i n g  an e f f e c t i v e  l e n g t h  s l i g h t l y  more t h a n  80 f e e t ,  a f t e r  

a l l o w a n c e  f o r  t h e  h e i g h t  of t h e  t o w e r  b a s e .  P i p i n g  was a t t a c h e d  t o  

t h e  l a u n c h e r  f o r  s e r v i c i n g  t h e  mi s s i l e  w i t h  p r o p e l l a n t s  and compressed  

a i r .  

s i m p l i f i e d  t h e  h a n d l i n g  of t h e  p r o p e l l a n t s .  

A F i e l d  S e r v i c e  T r a i l e r ,  d e v e l o p e d  by  A e r o j e t  f o r  t h e  Navy, 

A bomb-proof c o n t r o l  h o u s e ,  e r e c t e d  a p p r o x i m a t e l y  500 f e e t  f r o m  

t h e  l a u n c h i n g  t o w e r ,  housed  m e a s u r i n g  i n s t r u m e n t s  and f i r e  c o n t r o l  and 

communicat ion equ ipmen t .  

The Tests:  F i r i n g  t e s t s  of t h e  WAC CORPORAL were c a r r i e d  o u t  a t  t h e  

White  Sands  P r o v i n g  Grounds ,  L a s  C r u c e s ,  New Mexico,  be tween September  

26 and O c t o b e r  25, 1945. Tracked  b y  r a d a r  t h e  missi le  r e a c h e d ,  a s  

r e p o r t e d ,  an a l t i t u d e  of abou t  43.5 miles i n  v e r t i c a l  f l i g h t .  

i n c r e a s e  i n  a l t i t u d e  o v e r  t h a t  p l a n n e d  i n  p r e l i m i n a r y  e s t i m a t e s  was t h e  

The g r e a t  
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r e s u l t  p r i m a r i l y  of r e d u c t i o n  i n  w e i g h t  a c h i e v e d  by  changes  and improve-  

ments made a s  t h e  d e s i g n  m a t u r e d ,  and of t h e  added impu l se  p r o v i d e d  b y  

t h e  TINY TIM r o c k e t  adop ted  a s  a b o o s t e r .  

The Ordnance Depar tment  a c t e d  a s  c o o r d i n a t o r  f o r  t h e  v a r i o u s  

o r g a n i z a t i o n s  i n v o l v e d  i n  t h e  deve lopment  and f i r i n g  of t h e  mi s s i l e .  

The ORDCIT P r o j e c t  was r e s p o n s i b l e  f o r  t h e  p r e p a r a t i o n  of  e a c h  round  

f o r  f i r i n g ,  and f o r  t h e  t e c h n i c a l  p h a s e s  of  t h e  f i r i n g  program. The 

S i g n a l  C o r p s ,  b e s i d e  p r o v i d i n g  w e a t h e r  d a t a ,  p r o v i d e d  t h e  equipment  f o r  

t r a c k i n g  and f o r  r e c e i v i n g  s i g n a l s  f rom r a d i o  sonde  s e t s  r e l e a s e d  f rom 

t h e  mi s s i l e .  The Aberdeen  B a l l i s t i c  R e s e a r c h  L a b o r a t o r y  i n s t a l l e d  and 

o p e r a t e d  f i v e  s p e c i a l  camera u n i t s  and t h r e e  r a d a r  s t a t i o n s  l o c a t e d  a t  

s t r a t e g i c  p o i n t s  a round t h e  l a u n c h e r .  

So much, t h e n ,  abou t  t h e  miss i les  a l r e a d y  comple t ed  and t e s t e d  

u n d e r  t h e  ORDCIT c o n t r a c t .  

Remote C o n t r o l  and t h e  T r a n s m i s s i o n  of F l i q h t  Da ta  
4 

A s  p a r t  o f  t h e  ORDCIT P r o j e c t ,  t h e  L a b o r a t o r y  i s  a t  work upon a 

s y s t e m  d e s i g n e d  f o r  t h e  r emote  c o n t r o l  of g u i d e d  m i s s i l e s ;  and upon 

two s y s t e m s  f o r  t r a n s m i t t i n g  t o  ground s t a t i o n s  d a t a  f rom v e h i c l e s  i n  

f l i g h t .  

A u t o p i l o t :  A g u i d e d  m i s s i l e ,  t h e  German V - 2 ,  f o r  example ,  i s  one  

s t a b i l i z e d  by  f i n s  and g u i d e d ,  o r  c o n t r o l l e d ,  by  movable  s u r f a c e s .  

The a u t o m a t i c  s y s t e m  t h a t  c o n t r o l s  t h e s e  movable s u r f a c e s  i s  c a l l e d  an  

a u t o p i l o t .  

The S p e r r y  Gyroscope  Company, i n  c o n s u l t a t i o n  w i t h  t h e  J e t  

P r o p u l s i o n  L a b o r a t o r y ,  h a s  d e s i g n e d  and d e v e l o p e d  an  a u t o m a t i c  p i l o t  

f o r  t h e  c o n t r o l  of f o r t h c o m i n g  g u i d e d  mis s i l e s .  It u t i l i z e s  t h r e e  
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g y r o s c o p e s  t o  c o n t r o l ,  r e s p e c t i v e l y ,  a n g l e  of f l i g h t ,  v e e r i n g  o f f  c o u r s e ,  

and r o l l .  Whenever t h e  r o c k e t  v e e r s  f r o m  i t s  p r e d e t e r m i n e d  c o u r s e ,  t h e  

g y r o s c o p e s  s i g n a l  s m a l l  m o t o r s ,  one mounted on e a c h  of t h e  f o u r  f i n s  

t h a t  s t a b i l i z e  t h e  m i s s i l e .  The t a i l  end of e a c h  f i n  i s  a movable  

segment o r  r u d d e r ,  c o n t r o l l e d  by  a mo to r .  The a c t i o n  of t h e s e  r u d d e r s  

keeps  t h e  m i s s i l e  on i t s  c o u r s e .  

The g y r o s c o p e s ,  t h e  a m p l i f i e r s  f o r  t h e  s i g n a l s ,  and t h e  m o t o r s  a r e  

o p e r a t e d  p n e u m a t i c a l l y ,  and t h e  compressed  a i r  comes f rom t h e  same t a n k  

t h a t  s u p p l i e s  p r e s s u r e  t o  t h e  p r o p e l l a n t s .  

T h i s  c o n t r o l  s y s t e m  h a s  been  d e s i g n e d ,  n o t  t o  meet s e r v i c e  r e q u i r e -  

ments, b u t  a s  a means t o  s t u d y  c o n t r o l  p rob lems .  The p o s i t i o n  o f  t h e  

m i s s i l e  i n  f l i g h t  w i l l  be  p l o t t e d  b y  r a d a r ,  r e c o r d i n g  t h e  t r a j e c t o r y  i n  

b o t h  h o r i z o n t a l  and v e r t i c a l  p l a n e s  s o  t h a t  d e v i a t i o n s  w i l l  be  a p p a r e n t .  

A r a d i o  l i n k  w i l l  be  p r o v i d e d  f o r  an  o p e r a t o r  on t h e  ground t o  s i g n a l  

c o r r e c t i o n s  t o  t h e  m i s s i l e ,  which a u t o m a t i c a l l y  w i l l  a p p l y  them. A l l  

t h e  c o n t r o l  equipment  i s  t o  be mounted i n  t h e  n o s e  cone  of t h e  m i s s i l e .  

Telemeterinq: C e r t a i n  i n s t r u m e n t s  i n s t a l l e d  i n  a m i s s i l e  t a k e  c r i t i c a l  

measurements  of i t s  b e h a v i o r  i n  f l i g h t .  These measurements  a r e  r e l a y e d  

t o  t h e  ground by  r a d i o .  A p p l i c a t i o n  of  such  a s y s t e m  i s  known a s  

t e l e m e t e r i n g ,  o r  m e a s u r i n g  a t  a d i s t a n c e .  I t  i s  p l a n n e d  t o  r e p o r t  t e n  

q u a n t i t i e s  c o n t i n u o u s l y  t o  a g round s t a t i o n  d u r i n g  f l i g h t .  The 

q u a n t i t i e s  w i l l  be t h e  f o l l o w i n g :  a n g u l a r  r a t e s  abou t  e a c h  of  t h e  t h r e e  

a x e s  of  t h e  m i s s i l e ,  p o s i t i o n  of  e a c h  of t h e  c o n t r o l  s u r f a c e s  ( r u d d e r s ) ,  

h i n g e  moment on one c o n t r o l  s u r f a c e ,  l o n g i t u d i n a l  and t r a n s v e r s e  

a c c e l e r a t i o n .  
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The t e l e m e t e r i n g  s y s t e m  d e v e l o p e d  o p e r a t e s  by  making e a c h  m e c h a n i c a l  

q u a n t i t y  t h e  f r e q u e n c y - c o n t r o l l i n g  element of an a u d i o - f r e q u e n c y  o s c i l -  

l a t o r .  Thus ,  v a r i a t i o n s  i n  t h e  q u a n t i t y  t o  b e  measured  r e s u l t  i n  

v a r i a t i o n s  of t h e  a u d i o  f r e q u e n c y .  F i v e  such  a u d i o  o s c i l l a t o r s  of  

d i f f e r e n t  f r e q u e n c i e s  a r e  t h e n  made t o  modu la t e  a r a d i o - f r e q u e n c y  c a r r i e r  

o p e r a t i n g  a t  a f r e q u e n c y  of  abou t  100 megacyc le s .  A t  t h e  ground s t a t i o n  

t h e  f i v e  f r e q u e n c i e s  a r e  s e l ec t ed  by  s u i t a b l e  f i l t e r s ,  p a s s e d  i n t o  

f r e q u e n c y - s e n s i t i v e  c i r c u i t s  and r e c o r d e d  on g r a p h i c  r e c o r d e r s .  The 

c o m p l e t e  t e n - c h a n n e l  s y s t e m  c o n s i s t s  of  two f i v e - c h a n n e l  g r o u p s  u s i n g  

s l i g h t l y  d i f f e r e n t  r a d i o  f r e q u e n c i e s .  The two t r a n s m i t t e r s  u s e  a common 

a n t e n n a  p r o j e c t i n g  f r o m  t h e  n o s e  of t h e  missi le .  

RAFT (Rocke t  A i r  F o i l  T e s t e r ) :  The RAFT i s  a r o c k e t  d e s i g n e d  t o  f l y  

model a i r f o i l s  ( a i r p l a n e  w i n g s )  and t o  r e c o r d  t h e i r  aerodynamic  c h a r a c -  

t e r i s t i c s .  T h i s  method f o r  o b t a i n i n g  aerodynamic  c h a r a c t e r i s t i c s  i s  

an  i m p o r t a n t  supplement  t o  w i n d - t u n n e l  t e s t s ,  which  i n  c e r t a i n  s p e e d  

r a n g e s  a r e  u n r e l i a b l e .  

A model a i r f o i l  t o  be t e s t e d  by  t h e  RAFT i s  a t t a c h e d  t o  a beam 

p r o t r u d i n g  f rom t h e  nose  of t h e  r o c k e t .  I n s i d e  t h e  n o s e ,  t h e  beam i s  

s u p p o r t e d  a t  t h r e e  p o i n t s .  A t  t h e s e  p o i n t s ,  t h e  aerodynamic  f o r c e s  

a c t i n g  upon t h e  model p roduce  p r e s s u r e s ,  which a r e  measured  b y  s t r a i n -  

g a u g e s .  

The s t r a i n - g a u g e s  f o r  t h e  RAFT a r e  a m a g n e t i c  t y p e  t h a t  o p e r a t e s  

by  s i m p l e  e l e c t r o n i c  c i r c u i t s .  

c o n t r o l l i n g  e l e m e n t  of a n  a u d i o  o s c i l l a t o r .  The measured  f r e q u e n c y  

a t  t h e  ground s t a t i o n  t h e n  measures t h e  r e q u i r e d  fo rce .  The r a d i o  

t r a n s m i t t e r  u s e d  t o  c a r r y  t h e  i n f o r m a t i o n  f rom t h e  s t r a i n - g a u g e  o p e r a t e s  

The gauge i s  made t h e  f r e q u e n c y -  
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a t  abou t  60 m e g a c y c l e s .  By i n s u l a t i n g  t h e  nose  of t h e  r o c k e t  f r o m  t h e  

m o t o r ,  t h e  comple t e  rocke t  i s  made t o  a c t  a s  a n  a n t e n n a ,  somewhat l e s s  

t h a n  a h a l f  wave - l eng th  l o n g .  

The RAFT employs a f i n - s t a b i l i z e d  a i r c r a f t  r o c k e t ,  f i v e  i n c h e s  i n  

d i a m e t e r .  Known a s  t h e  HVAR, it  was d e v e l o p e d  by  t h e  NDRC a t  t h e  

C a l i f o r n i a  I n s t i t u t e  of Technology.  Adapted  f o r  u s e  a s  a RAFT, t h e  

r o c k e t  h a s  a s p e c i a l  h e a d .  

V. INVESTIGATION OF LIQUID-PROPELLANT ROCKET SYSTEMS 

F a c i l i t i e s  f o r  R e s e a r c h  

Test f a c i l i t i e s  i n c l u d e  s e v e n  c o n c r e t e  t e s t  p i t s  l o c a t e d  a t  t h e  

L a b o r a t o r y  p r o p e r ,  and one s p e c i a l  t e s t  s t a t i o n  a t  t h e  AAF Muroc F l i g h t  

Test  Base .  Each of  t h e  L a b o r a t o r y  t e s t  p i t s  i s  c a p a b l e  of  h a n d l i n g  

r o c k e t  u n i t s  w i t h  t h r u s t s  up t o  2,000 pounds ;  and e a c h  i s  e q u i p p e d  w i t h  

t a n k s  f o r  h a n d l i n g  p r o p e l l a n t s  u n d e r  p r e s s u r e ,  and w i t h  an e x p l o s i o n -  

p r o o f  o b s e r v a t i o n  room f o r  o p e r a t o r s  and e n g i n e e r s .  A t  p r e s e n t  one 

p i t  i s  d e v o t e d  t o  t e s t i n g  a p r o p e l l a n t  of  t h e  l i q u i d - o x y g e n  t y p e ,  one 

t o  hydrogen  p e r o x i d e ,  two t o  a n i t r o m e t h a n e  p r o p e l l a n t ,  and t h r e e  t o  

t h e  n i t r i c  a c i d - a n i l i n e  p r o p e l l a n t .  The l a r g e  t e s t  s t a t i o n  a t  Muroc 

i s  d e s i g n e d  f o r  t e s t i n g  m o t o r s  up  t o  20,000-pound t h r u s t ,  f o r  d u r a t i o n s  

somewhat l o n g e r  t h a n  one m i n u t e .  A motor  of  t h i s  s i z e  consumes p r o -  

p e l l a n t  a t  t h e  approx ima te  r a t e  of t h r e e  t o n s  p e r  m i n u t e .  

One c o n c r e t e  t e s t  p i t  a t  t h e  L a b o r a t o r y  i s  d e v o t e d  p r i n c i p a l l y  t o  

t h e  s t u d y  of pump f e e d  sys t ems  f o r  p r o p e l l a n t s .  I n  t h i s  p i t  i s  a l s o  

i n s t a l l e d  a n  expe r imen ta l  t u r b i n e  wheel  f o r  pump power s u p p l y .  I t  i s  

d r i v e n  by a d e v i c e ,  s i m i l a r  t o  a r o c k e t  m o t o r ,  which g e n e r a t e s  g a s  f rom 

p r o p e l l a n t  l i q u i d s .  
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O t h e r  t e s t  p i t s  a r e  a s s i g n e d  p a r t  time t o  t h e  s t u d y  of g a s -  

g e n e r a t i n g  devices  b o t h  t o  d r i v e  t u r b i n e s  and t o  p r e s s u r i z e  p r o p e l l a n t s .  

Each p i t  f o r  t e s t i n g  l i q u i d  r o c k e t s  i s  e q u i p p e d  w i t h  i n s t r u m e n t a t i o n  

f o r  m e a s u r i n g  motor  t h r u s t ,  t h e  p r e s s u r e  i n  t h e  r e a c t i a n  chamber ,  t h e  

r a t e  of  consumpt ion  of p r o p e l l a n t ,  v a r i o u s  t e m p e r a t u r e s ,  and o t h e r  

q u a n t i t i e s  o f  i n t e r e s t .  Da ta  a r e  r e c o r d e d  a u t o m a t i c a l l y ,  and t h e  r e s u l t s  

uf e a c h  e x p e r i m e n t a l  r u n  a r e  r e d u c e d  by a s t a f f  o f  compute r s .  

R e s e a r c h  

A b r i e f  r e v i e w  o f  t h e  r e s e a r c h  t h e  L a b o r a t o r y  i s  c o n d u c t i n g  i n  t h e  

f u r t h e r  deve lopment  of l iqu i ’d  p r o p e l l a n t  r o c k e t  s y s t e m s  may be p r e s e n t e d  

i n  t h r e e  p a r t s .  

Moto r s :  

improve t h e i r  p e r f o r m a n c e ,  t o  d i s c o v e r  b e t t e r  methods  f o r  c o o l i n g  them,  

The p u r p o s e  of c o n t i n u e d  i n v e s t i g a t i o n  of l i q u i d  m o t o r s  i s  t o  

and t o  l e n g t h e n  t h e i r  s e r v i c e  l i f e .  

The p r o p e l l a n t  u s e d  e s s e n t i a l l y  d e t e r m i n e s  t h e  maximum p e r f o r m a n c e  

of a l i q u i d  moto r .  But how c l o s e l y  t h i s  l i m i t  i s  approached  d e p e n d s  

marked ly  upon t h e  t y p e  of i n j e c t i o n  d e v i c e  u s e d  and upon t h e  g e o m e t r i c a l  

c o n f i g u r a t i o n  of t h e  combust ion  chamber .  Each p r o p e l l a n t  p r e s e n t s  i t s  

own s e t  of p rob lems  t o  be  s o l v e d . ’  A t y p i c a l  a c i d - a n i l i n e  m o t o r ,  f o r  

example ,  g i v e s  abou t  90 p e r  c e n t  o f  t h e  j e t  v e l o c i t y  c a l c u l a t e d  t h e o -  

r e t i c a l l y .  

Most moto r s  t o d a y  a r e  c o o l e d  b y  t h e  p r o p e l l a n t s  t h e m s e l v e s  which  

c a r r y  away, t h r o u g h  t h e  chamber and n o z z l e  w a l l s ,  t h e  h e a t  t r a n s f e r r e d  

by  t h e  h o t  g a s e s  of combus t ion .  A p r o m i s i n g  t e c h n i q u e  now b e i n g  

i n v e s t i g a t e d  i s  t h e  p r o t e c t i o n  of t h e  i n n e r  chamber w a l l  w i t h  a f i l m  

of l i q u i d  which e v a p o r a t e s  and t h u s  a b s o r b s  t h e  h e a t  t h a t  o t h e r w i s e  
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would be  t r a n s f e r r e d  t o  t h e  motor  w a l l s .  T h i s  method i s  commonly 

r e f e r r e d  t o  a s  f i l m  c o o l i n g .  

R e s e a r c h  d e v o t e d  t o  e x t e n d i n g  t h e  s e r v i c e  d u r a t i o n  of  s e v e r a l  t y p e s  

of l i q u i d - p r o p e l l a n t  r o c k e t  m o t o r s  h a s  been  f r u i t f u l .  The a c i d - a n i l i n e  

r o c k e t  m o t o r ,  which t h e  L a b o r a t o r y  h a s  worked on l o n g e r  t h a n  any  o t h e r ,  

i s  t h e  most h i g h l y  d e v e l o p e d .  A c i d - a n i l i n e  m o t o r s  of  1500 pound t h r u s t ,  

w i t h  a t h r u s t - w e i g h t  r a t i o  of  30 t o  50 have  a s e r v i c e  d u r a t i o n  which  

c a n  b e  measured i n  h o u r s .  

A 200-pound t h r u s t  motor  u t i l i z i n g  a n i t r o m e t h a n e  m o n o p r o p e l l a n t  

h a s  o p e r a t e d  r e p e a t e d l y  f o r  f i v e - m i n u t e  p e r i o d s .  The j a c k e t e d  moto r  

i s  c o o l e d  by  t h e  f l o w  of  t h e  p r o p e l l a n t  t h r o u g h  t h e  j a c k e t .  A t  p r e s e n t  

d a t a  a r e  b e i n g  accumula t ed  on t h e  c h a r a c t e r i s t i c s  of  m o t o r s  d e s i g n e d  

t o  u t i l i z e  a s  o x i d i z e r s  hydrogen  p e r o x i d e  and l i q u i d  oxygen.  

P r o p e l l a n t  Flow C o n t r o l :  The L a b o r a t o r y  i s  d e v e l o p i n g  a t  p r e s e n t  l i g h t -  

w e i g h t  v a l v e s  t o  c o n t r o l  t h e  i n i t i a l  f l o w  of p r o p e l l a n t s  w i t h  g r e a t  

p r e c i s i o n .  If  f l o w  i s  n o t  p r e d e t e r m i n e d  e x a c t l y ,  q u a n t i t i e s  of  p r o -  

p e l l a n t s ,  w i t h  t h e i r  v i o l e n t  c h e m i c a l  r e a c t i o n s ,  may accumula t e  w i t h i n  

a combus t ion  chamber w i t h  d i s a s t r o u s  e f f e c t .  

P r o p e l l a n t  Feed Sys tems:  L i q u i d  p r o p e l l a n t s  must  b e  f e d  t o  t h e  com- 

b u s t i o n  chamber of  a r o c k e t  motor  u n d e r  p r e s s u r e .  S e v e r a l  methods  a r e  

a v a i l a b l e  f o r  t h e  p u r p o s e ,  d e p e n d i n g  upon t h e  s p e c i f i c  r e q u i r e m e n t s  of  

t h e  p r o p u l s i o n  s y s t e m  i n  q u e s t i o n .  

many of them. 

The L a b o r a t o r y  i s  i n v e s t i g a t i n g  

Gas p r e s s u r e  w i l l  o f t e n  s e r v e  t h e  p u r p o s e  i f  t h e  t h r u s t  r e q u i r e d  

i s  of s h o r t  d u r a t i o n ;  but  when t h r u s t  i s  r equ i r ed  f o r  l o n g e r  p e r i o d s ,  

t h e  w e i g h t  and b u l k  of a p r e s s u r i z e d  g a s  become a s e r i o u s  l i m i t a t i o n .  
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The Germans, a f t e r  a c o n s i d e r a b l e  p e r i o d  of d e v e l o p m e n t ,  r e p l a c e d  

g a s  p r e s s u r e  t a n k s  w i t h  a s y s t e m ,  i n c o r p o r a t e d  i n  t h e  V - 2 ,  which i s  

c a l l e d  a t u r b o r o c k e t .  The sys t em s u p p l i e s  p r e s s u r e  t o  t h e  p r o p e l l a n t s  

by  means of  l i g h t  c e n t r i f u g a l  pumps. A t u r b i n e  o p e r a t e s  t h e  pumps, 

and i s  d r i v e n  by  e x h a u s t  g a s e s  g e n e r a t e d  i n  a s p e c i a l  combus t ion  chamber .  

S t i l l  a n o t h e r  s y s t e m  t o  s u p p l y  p r e s s u r e  f o r  p r o p e l l a n t s  i s  t o  

p roduce  g a s e s  f rom c h e m i c a l s  i n s t a l l e d  i n  t h e  missi le  f o r  t h a t  e x p r e s s  

p u r p o s e .  T h i s  s y s t e m  g i v e s  p romise  of  b e i n g  l i g h t e r  i n  w e i g h t  t h a n  any  

o t h e r .  The L a b o r a t o r y  i n i t i a t e d  s t u d i e s  on i t  more t h a n  a y e a r  ago .  

V I .  THE SEARCH FOR MATERIALS 

Need and F a c i l i t i e s  f o r  R e s e a r c h  

O t h e r  th ,ngs  b e i n g  e q u a l ,  t h e  h i g h e r  t h e  h e a t  of combus t ion  i n  a 

r o c k e t  m o t o r ,  t h e  h i g h e r  t h e  e x h a u s t  v e l o c i t y ;  and t h e  h i g h e r  t h e  e x h a u s t  

v e l o c i t y ,  t h e  lower  t h e  p r o p e l l a n t  consumpt ion .  I n  t h e i r  p r e s e n t  s t a t e  

of deve lopment  chamber t e m p e r a t u r e s  of  m o t o r s  u t i l i z i n g  a n i l i n e  and 

n i t r i c  a c i d  a r e  i n  t h e  r a n g e  f rom 3500O t o  5000OF. The r e a c t i o n  of  

g a s o l i n e  and l i q u i d  oxygen may p r o d u c e  t e m p e r a t u r e s  a s  h i g h  a s  6000OF. 

The n u m e r i c a l  v a l u e s  of h e a t  r e l e a s e d  i n  such  r e a c t i o n s  a r e  a t  l e a s t  

t e n  t imes g r e a t e r  t h a n  t h e  maximum v a l u e s  e n c o u n t e r e d  i n  modern f u r n a c e  

p r a c t i c e .  

With motor  w a l l s  of aluminum or s t a i n l e s s  s t e e l ,  t h e  p r o p e l l a n t  

may b e  u t i l i z e d  t o  a b s o r b  t h e  h e a t  r e j e c t e d  t o  t h e  s u r f a c e ,  e v e n  when 

t h e  t e m p e r a t u r e  d e v e l o p e d  i n s i d e  t h e  motor  i s  a p p r o x i m a t e l y  5000°F. 

On t h e  o t h e r  hand ,  no m a t e r i a l  h a s  been  found  t o  w i t h s t a n d  t h e  h o t t e s t  

f l a m e  o b t a i n a b l e  w i t h  some p r o p e l l a n t s .  F u r t h e r  improvements  i n  t h e  
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p e r f o r m a n c e  of r o c k e t  m o t o r s ,  t h e r e f o r e ,  r e q u i r e  e i t h e r  t h e  d i s c o v e r y  

of new m a t e r i a l s  t o  w i t h s t a n d  h i g h  t e m p e r a t u r e s  o r  e l s e  f u r t h e r  

deve lopment  of known o n e s .  

The L a b o r a t o r y  h a s  assembled  c o m p l e t e  equipment  f o r  r e s e a r c h  i n  

t h e  f i e l d  of t e m p e r a t u r e - r e s i s t a n t  a l l o y s  and c e r a m i c s .  S i x  e l e c t r i c  

f u r n a c e s  f o r  t h e  h e a t  t r e a t m e n t  of m e t a l s  and f o r  t h e  f i r i n g  of c e r a m i c  

p i e c e s  have  t h e  c a p a c i t y  t o  h a n d l e  f u l l - s i z e d  u n i t s ,  n o t  m e r e l y  s c a l e  

mode l s .  T e m p e r a t u r e s  r a n g i n g  f rom 1400OF t o  3500OF a r e  o b t a i n a b l e  i n  

,3ny a t m o s p h e r e ,  and s t i l l  h i g h e r  t e m p e r a t u r e s  a r e  o b t a i n a b l e  f o r  s p e c i a l  

s t u d i e s  and t o  d e t e r m i n e  m e l t i n g  p o i n t s .  An i n d u c t i o n  f u r n a c e  i s  

a v a i l a b l e  f o r  m e l t i n g  and c a s t i n g  a l l o y s .  

F o r  r e s e a r c h  i n  t h e  r e l a t i v e l y  new f i e l d  of  powder m e t a l l u r g y ,  t h e  

Equip-  L a b o r a t o r y  h a s  an h y d r a u l i c  p r e s s  w i t h  a c a p a c i t y  of 1800 t o n s .  

ment i s  on h a n d ,  a l s o ,  t o  t e s t  a c c u r a t e l y  v a r i o u s  p r o p e r t i e s  of 

m a t e r i a l s  a s  f o l l o w s :  d e n s i t y ,  p o r o s i t y ,  m e l t i n g  p o i n t ,  s t r e n g t h  a t  

modera t e  and h i g h  t e m p e r a t u r e s ,  t h e r m a l  e x p a n s i o n  and c o n d u c t i v i t y ,  

r e s i s t a n c e  t o  t h e r m a l  shock and impac t  s t r e n g t h .  The p h y s i c a l  s t r u c t u r e s  

of  a l l o y s  and c e r a m i c s  a re  s t u d i e d  b o t h  b y  t h e  m i c r o s c o p i c  method and 

by t h a t  of X-ray d i f f r a c t i o n .  

R e s e a r c h  

A s  t h e  r e s u l t  of r e s e a r c h  c o n d u c t e d  by  t h e  L a b o r a t o r y ,  v a l u a b l e  

improvements  have been  made i n  a ch rome-p la t ed  c o p p e r  n o z z l e  d e s i g n e d  

f o r  r o c k e t  m o t o r s  u t i l i z i n g  n i t r i c  a c i d  and a n i l i n e .  S u i t a b l e  non- 

c o r r o s i v e  b e a r i n g  m a t e r i a l s  have b e e n  found  f o r  pumps u t i l i z i n g  n i t r i c  

a c i d .  

c o n s t r u c t  a c o o l e d  l i q u i d - p r o p e l l a n t  motor  w i t h  a t h i n ,  hence  l i g h t e r ,  

T e m p e r a t u r e - r e s i s t a n t  a l l o y s  have  been  u s e d  s u c c e s s f u l l y  t o  
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s h e l l .  Tes t s  of  ceramic l i n e r s  f o r  r o c k e t  m o t o r s  a r e  y i e l d i n g  en-  

c o u r a g i n g  r e s u l t s .  

Ceramic  m a t e r i a l s ,  i t  i s  a n t i c i p a t e d ,  w i l l  p l a y  an i m p o r t a n t  p a r t  

i n  f u t u r e  deve lopmen t s  b e c a u s e  t h e y  have  such  h i g h  m e l t i n g  p o i n t s .  

But b e c a u s e  t h e y  a r e  b r i t t l e  and crumble  e a s i l y ,  p r o b a b l y  t h e y  w i l l  be  

u s e d  i n  c o n j u n c t i o n  w i t h  m e t a l s  r a t h e r  t h a n  r e p l a c e  them. S e v e r a l  

methods  f o r  p r o d u c i n g  a bond be tween c e r a m i c s  and m e t a l s  a r e  b e i n g  

i n v e s t i g a t e d .  By means of  t e c h n i q u e s  employed i n  powder m e t a l l u r g y ,  

a compos i t e  m a t e r i a l  made of l a y e r s  of  m e t a l  and c e r a m i c  a l r e a d y  h a s  

been  o b t a i n e d .  

A t  p r e s e n t  m a t e r i a l s  a r e  b e i n g  d e v e l o p e d  f o r  u s e s  a s  f o l l o w s :  

l i n e r s  f o r  chambers  of l i q u i d - p r o p e l l a n t  r o c k e t  m o t o r s ;  h e a t  and 

e r o s i o n - r e s i s t a n t  m a t e r i a l s  f o r  e x h a u s t  n o z z l e s ;  p o r o u s  l i n e r s  ( m e t a l  

o r  c e r a m i c )  f o r  chambers  and n o z z l e s  of l i q u i d  m o t o r s ,  t h r o u g h  which  

a p r o p e l l a n t  may be  i n j e c t e d  t o  a c t  a s  a c o o l i n g  medium; c e r a m i c  

m a t e r i a l s  f o r  a t u r b o j e t  u n i t ,  i n c l u d i n g  c e r a m i c  t u r b i n e  b l a d e s .  

V I I .  RESEARCH ANALYSIS 

The i m p o r t a n c e  of  t h e o r y  i n  t h e  deve lopment  o f  j e t  p r o p u l s i o n  

c a n n o t  b e  ove remphas ized .  

work,  knowledge i s  meager .  

t h e  i n t e r p l a y  of t h e o r y  and e x p e r i m e n t .  F i r s t ,  a problem i s  a t t a c k e d  

t h e o r e t i c a l l y .  

The d a t a  t h u s  c o l l e c t e d  a re  used  i n  t u r n  t o  c o r r e c t  o r  r e f i n e  t h e  t h e o r y .  

F r e q u e n t l y  t h e  cyc le  m u s t  be r e p e a t e d  s e v e r a l  times b e f o r e  t h e  d e s i r e d  

knowledge i s  a c q u i r e d .  

I n  t h e  e a r l y  s t a g e s  o f  a l l  s u c h  d e v e l o p m e n t a l  

The s y s t e m a t i c  way t o  a c q u i r e  it i s  t h r o u g h  

Then t h e  i n i t i a l  s o l u t i o n  i s  a p p l i e d  e x p e r i m e n t a l l y .  

T .- - c- 7 
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The s e c t i o n  of t h e  L a b o r a t o r y  d e v o t e d  t o  r e s e a r c h  a n a l y s i s  i s  

r e s p o n s i b l e  f o r  c a r r y i n g  o u t  t h e  t h e o r e t i c a l  a n a l y s i s  of many p rob lems  

a r i s i n g  i n  t h e  f i e l d  of j e t  p r o p u l s i o n ,  p a r t i c u l a r l y  t h o s e  r e q u i r i n g  

t h e  a p p l i c a t i o n  of advanced m a t h e m a t i c a l  t e c h n i q u e s  f o r  t h e i r  s o l u t i o n .  

S o l u t i o n s  a r e  r e q u i r e d  by  many s e c t i o n s  of t h e  L a b o r a t o r y  t o  

a s s i s t  i n  t h e  g u i d a n c e  of t h e i r  e x p e r i m e n t a l  p rog rams .  The armed f o r c e s ,  

a l s o ,  t h r o u g h  t h e i r  i n q u i r i e s ,  have  s u g g e s t e d  p rob lems  w i t h  r e g a r d  t o  

p o s s i b l e  a p p l i c a t i o n s  of j e t  p r o p u l s i o n .  

I n f o r m a t i o n  r e q u e s t e d  f a l l s  w i t h i n  two c a t e g o r i e s ;  i n f o r m a t i o n  t o  

d e t e r m i n e  w h e t h e r  o r  n o t  a new r o c k e t  t y p e  o r  a new a p p l i c a t i o n  f o r  an 

e s t a b l i s h e d  one i s  f e a s i b l e ;  and i n f o r m a t i o n  p r e r e q u i s i t e  t o  t h e  s o l u t i o n  

of s p e c i f i c  p rob lems  i n  d e s i g n .  The f i r s t  c a t e g o r y  was i n  demand, f o r  

example ,  when t h e  Ordnance  Depar tment  r e q u e s t e d  t h e  L a b o r a t o r y  t o  examine 

t h e  f e a s i b i l i t y  of h i g h - a l t i t u d e  r o c k e t  t o  c a r r y  m e t e o r o l o g i c a l  e q u i p -  

ment ;  t h e  second t y p e ,  when t h e  e n g i n e e r s  began  t h e i r  d e s i g n  s t u d y  of 

t h e  f o r t h c o m i n g  m i s s i l e .  

Ano the r  example of r e s e a r c h  p r e r e q u i s i t e  t o  t h e  s o l u t i o n  of a 

s p e c i f i c  problem i n  d e s i g n  was a method t o  d e t e r m i n e  t h e  a e r o d y n a m i c a l  

f o r c e  e x e r t e d  a g a i n s t  t h e  s u r f a c e  of a m i s s i l e  whenever  i t  v e e r s  e v e n  

s l i g h t l y  f rom i t s  p r e d e t e r m i n e d  t r a j e c t o r y .  

t h e  c a l c u l a t e d  r e s u l t s ,  w i t h i n  t h e  l i m i t s  o f  e x p e r i m e n t a l  a c c u r a c y ,  

checked  a g a i n s t  t h e  d a t a  s u p p l i e d  b y  t e s t s  of a model i n  a wind t u n n e l .  

Thus ,  t h e  a p p l i c a t i o n  of t h e o r e t i c a l  methods  t o  d e t e r m i n e  aerodynamic  

f o r c e s  may o f t e n  be s u b s t i t u t e d  f o r  e x p e n s i v e  w i n d - t u n n e l  t e s t s .  

A p p l i e d  t o  t h e  WAC CORPORAL, 

A g r e a t  many t h e o r e t i c a l  c a l c u l a t i o n s  of miss i le  t r a j e c t o r i e s  a l s o  

have  been  made. F o r  example ,  t h e  e x p e c t e d  t r a j e c t o r i e s  of t h e  WAC 
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CORPORAL were computed t o  p r o v i d e  t h e  d a t a  n e c e s s a r y  f o r  t h e  d e s i g n  o f  

t h e  aerodynamic  c o n t r o l  s u r f a c e s .  A n o t h e r  t r a j e c t o r y  s t u d y  was  made t o  

d e t e r m i n e  t h e  f e a s i b i l i t y  of t h e  WAC a s  an a n t i - a i r c r a f t  m i s s i l e .  
I 

, 
V I I I .  THE GRADUATE COURSE I N  JET PROPULSION 

A t  t h e  r e q u e s t  of t h e  AAF M a t e r i e l  Command, t h r e e  y e a r s  a g o ,  a 

c o u r s e  i n  J e t  P r o p u l s i o n  was i n s t i t u t e d  a t  t h e  C a l i f o r n i a  I n s t i t u t e  of 

Techno logy  b y  t h e  s t a f f s  of  t h e  Guggenheim A e r o n a u t i c a l  L a b o r a t o r y  and 

t h e  J e t  P r o p u l s i o n  L a b o r a t o r y .  The c o u r s e  h a s  b e e n  l i m i t e d  t o  o f f i c e r s  

of t h e  Army and Navy a s s i g n e d  f o r  g r a d u a t e  s t u d y  a t  t h e  C a l i f o r n i a  

I n s t i t u t e  of  Technology.  However,  p r o v i s i o n  h a s  r e c e n t l y  b e e n  made t o  

open t h e  c o u r s e  t o  a f ew e s p e c i a l l y - s e l e c t e d  c i v i l i a n  s t u d e n t s .  

The c o u r s e  c o v e r s  t h e  b a s i c  p r i n c i p l e s  of  a l l  known j e t - p r o p e l l e d  

power s y s t e m s ,  and t h e  pe r fo rmance  of  j e t - p r o p e l l e d  d e v i c e s .  The 

L a b o r a t o r y  o f f e r s  t h e  s t u d e n t s  f i r s t - h a n d  e x p e r i e n c e  w i t h  work ing  mode l s  

of v a r i o u s  t y p e s  of power s y s t e m s .  

. . -  
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C a l i f o r n i a  I n s t i t u t e  o f  Techno logy  

J e t  P r o p u l s i o n  L a b o r a t o r y  

4800 O a k  Grove  D r i v e  RYLin 1-4261 

P a s a d e n d ,  C a l i f o r n i a  SYlvdn 0-6811 

J e t  P r o p u l s i o n  L a b o r a t o r y  
C a l i f o r n i a  I n s t i t u t e  o f  Techno logy  

D r .  Goddard was b o r n  i n  Fall R i v e r ,  M a s s a c h u s e t t s ,  on A p r i l  18,  

1915. H e  a t t e n d e d  t h e  p u b l i c  s c h o o l s  i n  A t t l e b o r o ,  g r a d u a t i n g  f rom 

A t t l e b o r o  High  S c h o o l  i n  1933. He e n r o l l e d  a t  t h e  M a s s a c h u s e t t s  

I n s t i t u t e  o f  Techno logy  i n  1933, r e c e i v i n g  h i s  B.S. d e g r e e  i n  

a e r o n a u t i c s  f o u r  y e a r s  l a t e r .  

A f t e r  g r a d u a t i o n  h e  became a s s o c i a t e d  w i t h  t h e  C o n s o l i d a t e d  

A i r c r a f t  C o r p o r a t i o n  i n  S a n  D i e g o ,  C a l i f o r n i a ,  a s  a n  a e r o d y n a m i c i s t .  

He was a s s o c i a t e d  w i t h  C o n s o l i d a t e d  u n t i l  1940 a t  w h i c h  t ime  he  j o i n e d  

t h e  Glenn  L .  M a r t i n  Company o f  B a l t i m o r e ,  Mary land ,  a s  head o f  t h e  

Aerodynamics R e s e a r c h  Group.  

A f t e r  s e v e n  y e a r s  w i t h  M a r t i n ,  D r .  Goddard a c c e p t e d  t h e  p o s t  o f  

s t a f f  e n g i n e e r  i n  t h e  Nava l  S u p e r s o n i c  L a b o r a t o r y  a t  t h e  M a s s a c h u s e t t s  

I n s t i t u t e  o f  Techno logy .  

Speed  Wind Tunne l  S e c t i o n .  

He j o i n e d  JPL i n  1949 a s  c h i e f  o f  t h e  High-  

I n  h i s  p r e s e n t  c a p a c i t y  as  c h i e f  o f  t h e  Aerodynamics a n d  

P r o p e l l a n t s  D e p a r t m e n t ,  he  i s  r e s p o n s i b l e  f o r  t h e  JPL program i n  

a e r o d y n a m i c s  r e s e a r c h  and  h igh - speed  wind  t u n n e l  o p e r a t i o n ,  b a s i c  
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r e s e a r c h  and  development  i n  s o l i d  p r o p e l l a n t s ,  and i n s t r u m e n t  

deve lopment  and o p e r a t i o n  o f  t h e  L a b ' s  l a r g e - s c a l e  c o m p u t e r s .  

D r .  Goddard r e c e i v e d  h i s  Ph.D. i n  a e r o n a u t i c s  f rom C a l t e c h  i n  

1957. 

He i s  an  A s s o c i a t e  F e l l o w  i n  t h e  I n s t i t u t e  o f  t h e  A e r o n a u t i c a l  

S c i e n c e s .  

D r .  Goddard l i v e s  w i t h  h i s  w i f e ,  t h e  fo rmer  J a n e  C l a r k  T h o r n t o n ,  

and s o n ,  S t e p h e n ,  a t  2861 S a n t a  A n i t a  Avenue, A l t a d e n a ,  C a l i f o r n i a .  
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C a l i f o r n i a  I n s t i t u t e  o f  Technology 

J e t  P r o p u l s i o n  L a b o r a t o r y  

4800 Oak Grove  D r i v e  
P a s a d e n a ,  C a l i f o r n i a  

W I L L I A M  HAYWARD PICKERING 

D i r e c t o r ,  J e t  P r o p u l s i o n  L a b o r a t o r y  
C a l i f o r n i a  I n s t i t u t e  o f  Technology 

Ryan 1-4261 
S y l v a n  0-6811 

D r .  P i c k e r i n g  was b o r n  i n  W e l l i n g t o n ,  New Z e a l a n d ,  on Decewer  

1910. He s p e n t  most  o f  h i s  y o u t h  i n  W e l l i n g t o n ,  g r a d u a t i n g  f rom 

W e l l i n g t o n  High  S c h o o l  i n  1927. 

A y e a r  l a t e r ,  a f t e r  e n r o l l i n g  i n  a n  e n g i n e e r i n g  c o u r s e  a t  C a n t e r b u r y  

C o l l e g e ,  U n i v e r s i t y  of  New Z e a l a n d ,  a v i s i t i n g  u n c l e ,  Horace  D o u s l i n  - -  
a c i v i l  e n g i n e e r  r e s i d i n g  i n  S o u t h e r n  C a l i f o r n i a  - -  p e r s u a d e d  young 

P i c k e r i n g  t o  r e t u r n  w i t h  him t o  t h e  U n i t e d  S t a t e s  t o  s t u d y .  

D r .  P i c k e r i n g  e n t e r e d  t h e  C a l i f o r n i a  I n s t i t u t e  o f  Technology i n  

March,  1929. He r e c e i v e d  h i s  B.S. d e g r e e  i n  1332, h i s  M.S. d e g r e e  t h e  

n e x t  y e a r ,  and  h i s  Ph.D. i n  p h y s i c s  i n  1936 .  He t h e n  j o i n e d  t h e  C a l t e c h  

f a c u l t y  a s  a n  I n s t r u c t o r  i n  E l e c t r i c a l  E n g i n e e r i n g .  He was a p p o i n t e d  

A s s i s t a n t  P r o f e s s o r  i n  1945, A s s o c i a t e  P r o f e s s o r  i n  1945, and P r o f e s s o r  

i n  E l e c t r i c a l  E n g i n e e r i n g  i n  1947. 

Meanwhile ,  h e  w a s  d e e p  i n  cosmic  r a y  r e s e a r c h  w i t h  D r .  R o b e r t  A. 

M i l l i k a n ,  Nobel  P r i z e  w i n n e r .  They t r a v e l l e d  t o  t h e  f a r  s p o t s  of  t h e  

w o r l d  t o  s t u d y  g e o g r a p h i c a l  v a r i a t i o n  o f  c o s m i c  r a y  c o u n t s ,  s u c h  a s  I n d i a  

and Mexico,  s e n d i n g  b a l l o o n s  t o  g r e a t  a l t i t u d e s .  Dur ing  World War 11, 
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i n  a d d i t i o n  t o  h i s  t e a c h i n g  d u t i e s ,  D r .  P i c k e r i n g  c o n d u c t e d  s t u d i e s  of  

J a p a n e s e  b a l l o o n  w a r f a r e .  

I n  1950, a l r e a d y  a s s o c i a t e d  w i t h  J P L  f o r  s i x  y e a r s ,  h e  was made 

r e s p o n s i b l e  f o r  t h e  deve lopmen t  o f  t h e  U.S. Army's CORPORAL, A m e r i c a ' s  

f i r s t  l o n g - r a n g e  l i q u i d - p r o p e l l e d  s u p e r s o n i c  g u i d e d  m i s s i l e  c a p a b l e  of  

t a c t i c a l  a p p l i c a t i o n .  The c u l r n i n d t i o n  o f  t h i s  p r o j e c t  o c c u r r e d  i n  1954 

when c o m p l e t e l y  e q u i p p e d  and  t r a i n e d  CORPORAL b a t t a l i o n s  were s e n t  t o  

o v e r s e a s  s t a t i o n s ,  t h e r e b y  b r o a d e n i n g  t h e  s e c u r i t y  p e r i m e t e r  o f  t h e  

n a t i o n .  

D r .  P i c k e r i n g  was a p p o i n t e d  J P L  D i r e c t o r  i n  1354, when t h e  l a b o r -  

a t o r y  had a s t a f f  o f  1047. Today ,  J P L  employs some 2300. He h e a d s  a 

team o f  p r o f e s s i o n a l  and t e c h n i c a l  p e r s o n n e l  whose m i s s i o n ,  u n t i l  

r e c e n t l y ,  was  t h r e e f o l d :  1) To o r i g i n a t e ,  d e v e l o p  and t e s t  new g u i d e d -  

m i s s i l e  s y s t e m s .  2)  To c o n d u c t  s u p p o r t i n g  r e s e a r c h  i n v e s t i g a t i o n s  i n  

t h e  p h y s i c a l  s c i e n c e s  for t h e  p u r p o s e  o f  a c q u i r i n g  b a s i c  d a t a  a p p l i c a b l e  

t o  t h e  v a r i e d  a s p e c t s  o f  weapon-system d e v e l o p m e n t .  3) To u n d e r t a k e  

f e a s i b i l i t y  and e v a l u a t i o n  s t u d i e s  o f  p r o p o s e d  and/or  p r e v i o u s l y  

i n i t i a t e d  programs o f  s p e c i a l  i n t e r e s t  t o  t h e  N a t i o n .  Wi th  t r a n s f e r  o f  

J P L  t o  t h e  N a t i o n a l  A e r o n a u t i c s  and S p a c e  A d m i n i s t r a t i o n ,  JPL's t a l e n t s  

a r e  now b e i n g  r e o r i e n t e d  t o w a r d s  s p 3 c e  v e h i c l e s  and m i s s i o n s .  

I n  November, 1957, JPL was g i v e n ,  t o g e t h e r  w i t h  t h e  Army B a l l i s t i c  

M i s s i l e  Agency,  t h e  a s s i g n m e n t  t o  f i r e  t h e  f i r s t  I J .S .  e a r t h  s a t e l l i t e .  

T h i s  a s s i g n m e n t  was c a r r i e d  o u t  w i t h  t h e  s u c c e s s f u l  l a u n c h i n g  o f  

E x p l o r e r  I on J a n u a r y  31, 1958. Two o t h e r  E x p l o r e r s  were l a t e r  p u t  i n t o  

o r b i t  b y  t h e  JPL-ABMA team.  

D r .  P i c k e r i n g  was a member o f  t h e  S c i e n t i f i c  A d v i s o r y  B o a r d ,  U n i t e d  

S t a t e s  A i r  F o r c e ,  f rom 1945 t o  1948, and h a s  s e r v e d  on a number o f  o t h e r  
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cnmrnittcc5 of t h e  I l e f ense  Depar tmen t .  He i s  a member of  t h e  U . S .  

I ' Ia t  i on-il  Commit, tee 's  T e c h n i c a l  P a n e l  on t h e  E a r t h  S a t e l l i t e  Program 

(ind i s  Chairman o f  i t s  Working Group on T r a c k i n g  and Computa t ion .  

H e  i s  a member of t h e  American I n s t i t u t e  of  k l e c t r i c a l  E n g i n e e r s ,  

a F e l l o w  of t h e  I n s t i t u t e  of 2 a d i o  E n g i n e e r s ,  and a F e l l o w  and a 

member o f  t h e  Board of D i r e c t o r s  of  t h e  American Rocke t  S o c i e t y .  

D r .  P i c k e r i n g  r e c e i v e d  t h e  1957 James  Wyld Memorial  Award o f  

t h e  American Rocke t  S o c i e t y ;  a s p e c i a l  award by  t h e  Los A n g e l e s  

Chamber f o r  C r e a t i v e  Achievement  \ i n  1958; a S c i e n t i f i c  Achievement  

Award f rom t h e  G r e a t e r  Los A n g e l e s  C h a p t e r  of t h e  A s s o c i a t i o n  of t h e  

U.S. Army i n  1 9 5 8 ;  and t h e  1958 I n s t i t u t e  of  R a d i o  E n g i n e e r s  Award 

of  P r o f e s s i o n a l  '<roup on R e l i a b i l i t y  and Q u a l i t y  C o n t r o l  (PGRQC) 

Thus f a r  i n  1959 h e  h a s  r e c e i v e d  t h e  D i s t i n g u i s h e d  C i v i l i a n  S e r v i c e  

Medcll;  and t h e  f i r s t  Space  F l i g h t  Achievement  Award p r e s e n t e d  by  t h e  

N a t i o n a l  Miss i le  I n d u s t r y  C o n f e r e n c e .  

Dr. P i c k e r i n g  became a U . S .  c i t i z e n  i n  1941. He l i v e s  w i t h  h i s  

w i f e ,  t h e  f o r m e r  MurieJ  Bowler ,  and two c h i l d r e n ,  W i l l i a m ,  1 9 ,  and 

A r i r i ,  16,  a t  2514 H i g h l a n d  Avenue, A l t a d e n a ,  C a l i f o r n i a .  
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DR. EBERHARDT RECHTIN a 

C h i e f ,  a-- 
J e t  P r o p u l s i o n  L a b o r a t o r y  

C a l i f o r n i a  I n s t i t u t e  of Techno logy  

Born i n  O r a n g e ,  New J e r s e y ,  on  J a n u a r y  16 ,  1926, Dr. R e c h t i n  

s p e n t  most  o f  h i s  y o u t h  i n  P e n n s y l v a n i a  and New York.  When h e  was 15, 

h i s  f a m i l y  moved t o  C a l i f o r n i a  where  h e  g r a d u a t e d  f r o m  Redondo Union  

High  S c h o o l  i n  1943. Honors :  Bausch Lomb, S c i e n c e  T a l e n t  S e a r c h  
t 

Winner .  

He e n t e r e d  t h u  C a l i f o r n i a  I n s t i t u t e  o f  T e c h n o l o g y  i n  1 9 4 3 ,  u n d e r  

t h e  U. S.  Nava l  R e s e r v e  V - 1 2  T r a i n i n g  P r o g r a m ,  and i n  1946  h e  r e c e i v e d  

h i s  B. S.  d e g r e e  i n  E l e c t r i c a l  E n g i n e e r i n g .  Af te r  s i x  months  a s  a n  

E n s i g n  a t  t h e  U. S.  Naval  Base i n  Newpor t ,  Rhode I s l a n d ,  D r .  R e c h t i n  

resumed h i s  s t u d i e s  a t  C a l t e c h  whe,re i n  1950 he r e c e i v e d  h i s  Ph.D. 

Cum Laude i n  E l e c t r i c a l  E n g i n e e r i n g  and P h y s i c s .  

He became a s s o c i a t e d  a s  a r e s e a r c h  e n g i n e e r  w i t h  JPL i n  1949, 

s p e c i a l i z i n g  i n  s u c c e e d i n g  y e a r s  i n  r a n g e  i n s t r u m e n t a t i o n ,  m i s s i l e  

r a d i o  g u i d a n c e ,  s e c u r e  c o m m u n i c a t i o n s ,  i n f o r m a t i o n  and f i l t e r  t h e o r y ,  

and extreme r a n g e  communica t ions  ( E x p l o r e r  M i c r o l o c k ,  P i o n e e r  T r a c e ) .  

A s  C h i e f  o f  t h e  Gu idance  R e s e a r c h  D i v i s i o n  and d e p u t y  d i r e c t o r  of  t h e  

l u n a r  probe p r o g r a m s ,  h e  i s  r e spons ib l e  f o r  d i r e c t i o n  of much of t h e  

J P L  e f f o r t  i n  s p a c e  communica t ions  and t r a c k i n g .  
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D r .  R e c h t i n  i s  a s e n i o r  member of t h e  I n s t i t u t e  of R a d i o  E n g i n e e r s  

He r e c e i v e d  t h e  Wes t inghouse  and a member of Sigma X I  and Tau Be ta  P i ,  

T a l e n t  Award i n  1 9 4 3  and w a s  d e s i g n a t e d  a C o l e  F e l l o w  i n  1 9 4 7  and a 

N a t i o n a l  S c i e n c e  F e l l o w  i n  1948 .  H e  i s  a l s o  Depu ty  Chairman o f  t h e  

A v i o n i c s  P a n e l  of  t h e  NATO A d v i s o r y  Group on A e r o n a u t i c a l  R e s e a r c h  

and Development .  

He l i v e s  w i t h  h i s  w i fe ,  t h e  f o r m e r  D o r o t h y  D e n e b r i n k ,  and t h r e e  

c h i l d r e n  a t  1397 Wicks Road,  P a s a d e n a ,  C a l i f o r n i a .  
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RT ROACH HIBgS 
I n -  C - n  - -  - Chief, UJ. "1. c ) l 4  U L L L  

Jet Propulsion Laboratory 
California Institute of Technology 

Dr. Hibbs was born in Akron, Ohio, on October 19, 1924. He spent 

most of his youth in Cincinnati and Chillicothe, graduating from 

Chillicothe High School in 1942. He entered the California Institute 

of Technology in the fall of 1942 and received his B.S. degree in 

physics three years later. 

Following about a year of active duty as an Ensign in the U. S. 

Navy, Dr. Hibbs enrolled at the University of Chicago, receiving his 

M.S. degree in mathematics in 1948. 

He joined JPL in 1950 and shortly thereafter entered the graduate 

department at Caltech, receiving his Ph.D. degree in physics in 1955. 

Dr. Hibbs, in his capacity as Chief of JPL's Research Section, 

is responsible for missile aerodynamics, flight mechanics, and pre- 

liminary analysis. 

He is a member of the American Physical Society, the American 

Institute of Physicists, and Sigma Xi. Dr. Hibbs was selected as one 

of  the five Outstanding Young Men of the Year by the California 

Junior Chamber of Commerce in 1958. 

He lives with his wife, the former Florence Pavin, and two 

children at 969 Shelly Street, Altadena, California. 
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C a l i f o r n i a  I n s t i t u t e  of Techno logy  

J e t  P r o p u l s i o n  L a b o r a t o r y  
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& T--- 
C a l i f o r n i a  I n s t i t u t e  of  Techno logy  

M r .  P a r k s  was b o r n  i n  Los  A n g e l e s  on A p r i l  1, 1922 .  He s p e n t  

h i s  y o u t h  i n  t h e  Los A n g e l e s  a r e a ,  g r a d u a t i n g  f r o m  Newport H a r b o r  

Union High S c h o o l  i n  J u n e ,  1940. He e n r o l l e d  a t  t h e  C a l i f o r n i a  

I n s t i t u t e  of Techno logy  i n  S e p t e m b e r ,  1940, and was g r a d u a t e d  f rom 

t h a t  i n s t i t u t i o n  w i t h  a B.S. d e g r e e  i n  E l e c t r i c a l  E n g i n e e r i n g  i n  1944. 

F o l l o w i n g  g r a d u a t i o n ,  h e  s e r v e d  w i t h  t h e  U .  S .  Army S i g n a l  C o r p s  

f o r  2 1/2 y e a r s ,  e i g h t  months  of  which  were s p e n t  w i t h  t h e  O c c u p a t i o n  

F o r c e s  i n  Germany. 

A f t e r  h i s  d i s c h a r g e  a s  a F i r s t  L i e u t e n a n t  i n  J u l y ,  1946, h e  was 

a s s o c i a t e d  b r i e f l y  w i t h  Hughes A i r c r a f t  Company i n  C u l v e r  C i t y ,  

C a l i f o r n i a ,  a s  a r a d i o  e n g i n e e r ,  b e f o r e  j o i n i n g  JPL i n  A p r i l ,  1947, 

I n  h i s  p r e s e n t  c a p a c i t y  a s  C h i e f  o f  J P L ' s  Gu idance  D e p a r t m e n t ,  

M r .  P a r k s  h e a d s  t h e  g r o u p  whose m i s s i o n  i s  g u i d a n c e  and e l e c t r o n i c s  

r e s e a r c h  and deve lopmen t  of  m i s s i l e  g u i d a n c e  s y s t e m s ,  and communica- 

t i o n s  and t r a c k i n g .  

He i s  J P L ' s  P r o j e c t  L e a d e r  f o r  t h e  U. S.  Army's SERGEANT, 

d e s c r i b e d  by  m i l i t a r y  e x p e r t s  a s  "Amer ica ' s  f i r s t  t r u l y  ' second 

g e n e r a t i o n '  s u r f a c e - t o - s u r f a c e  t a c t i c a l  m i s s i l e . "  The SERGEANT 
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eventually w i l l  r e p l a c e  t h e  CORPORAL, w h i c h  was a l s o  d e v e l o p e d  b y  

JPL and which  i s  t h e  nation's o n l y  o p e r a t i o n a l  s u r f a c e - t o - s u r f a c e  

t d c t i c a l  b a l l i s t i c  g u i d e d  m i s s i l e .  

He i s  a member of t h e  I n s t i t u t e  of Rad io  E n g i n e e r s ,  T a u  B e t a  P i ,  

and Sigma X i .  

He i s  m a r r i e d  t o  t h e  f o r m e r  Hanne R i c h t e r ,  whom h e  met w h i l e  

s e r v i n g  w i t h  t h e  Army i n  Germany. They l i v e  w i t h  t h e i r  t h r e e  c h i l d r e n  

a t  425 Noren S t r e e t ,  La C a n a d a ,  C a l i f o r n i a .  



CALIFORNIA INSTITUTE OF TECHNOLOGY 
JET PROPULSION LABORATORY 

PASADENA, CALIFORNIA 

JPL ,  NASA RESEARCH FACILITY, 
DESCRIBES PARKING ORBIT TECHNIQUE 

For P.M. Papers 
October 12, 1959 

Langley Research Center ,  Va., October 12- Details of an ingenious new plan 

t o  circumvent t h e  undesirable  geometrical  aspec ts  of launching space probes from 

the  At l an t i c  Missile Range were descr ibed here today a t  the  Annual Inspect ion 

of the  National Aeronautics and Space Administration a t  Langley Research Center.  

The new plan-- c a l l e d  a parking orbi t - -  was revealed a t  the Vega exh ib i t  

of t h e  C a l i f o r n i a  I n s t i t u t e  of Technology Jet Propulsion Laboratory. 

research  f a c i l i t y  of t h e  NASA. 

JPL is a 

JPL speakers  a t  the  exh ib i t  s a i d  the parking o r b i t  technique, long discussed 

by  space expe r t s  as a means of increas ing  payload weights,  was r e f i n e d  and suggested 

for the  Vega p ro jec t  by  K r a f f t  Ehricke of Convair As t ronaut ics ,  Ehricke a l s o  

gave the  procedure the  name of parking o r b i t .  

I t  was displayed i n  an animated sequence a t  t he  JPL e x h i b i t ,  one of eleven 

such e x h i b i t s  displayed by NASA l a b o r a t o r i e s  i n  a week-long demonstration of 

r e sea rch  now going on i n  space and aeronaut ics  a t  NASA f a c i l i t i e s ,  

While the  d i sp lay  emphasizes the  advantages t h a t  accrue t o  lunar  missions 

from a parking o r b i t ,  the  technique a l s o  has important app l i ca t ions  i n  i n t e r -  

p lane tary  assignments, i t  was pointed out .  

I n  the  p a s t ,  t h e  JPL  e x h i b i t  pointed o u t ,  the  time ava i l ab le  i n  which t o  

launch from the  At l an t i c  Miss i le  Range has  been sharp ly  circumscribed t o  the  f e w  

days each month tha t  the  moon is  a t  its most souther ly  point  i n  i ts  o r b i t  around 

t h e  ea r th .  

If it  were poss ib l e ,  the  JPL e x h i b i t  pointed o u t ,  t o  pick up the AMR and 

move i t  t o  a more i d e a l  l oca t ion ,  say  south of its present  p o s i t i o n ,  the  geomet- 

r i c a l  requirements between the  e a r t h  and t h e  moon could be more e a s i l y  met, 

payload weights could be increased and launching times would not be so sharp ly  

r e s t r i c t e d ,  
. - -  .- - -  -- - ~ _ _ - _  -T " T  - I_ ~ 
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'VA launching pad is, by na tu re ,  immobile," t he  JPL commentators s a i d .  "But  

a rocket  is by na ture  mobile, The quest ion is, then: can one use the m o b i l i t y  of 

the  mul t ip le  s t a g e  space vehic le  t o  compensate f o r  the  geometr ical ly  undesirable  

pos i t i on  of the  launching pad? 

"The answer is: Yes, by pu t t ing  the second s t age  of a three-s tage Vega vehic le  

i n  a parking orb i t .@* 

The JPL exh ib i t  then descr ibes  how the  Atlas booster used as the f i r s t  s tage  

of t he  Vega h u r l s  the second and th i rd  stage i n t o  the  s t a r t  of an e a r t h  o r b i t  a t  

s a t e l l i t e  speeds.  

When the  second s t age  is over that  po in t  above t h e  e a r t h ' s  su r f ace  which 

r ep resen t s  the  i d e a l  launching place f o r  a lunar  mission-- half-way or three  

q u a r t e r s  of a way around one e a r t h  orb i t - -  the  t h i rd  s t age  is f i r e d  and heads f o r  

t h e  moon, 

I n  the  lunar  mission descr ibed i n  the  JPL e x h i b i t ,  the t h i r d  stage is f i red 

over Woomefa, Aus t r a l i a ,  The JPL commentator summed it  up t h i s  way: 

"In e f f e c t ,  what occurs is that we p lace  the  second s tage  over t ha t  p a r t  of 

t h e  earth where w e  would have l i ked  to  have had t h e  A t l a n t i c  Missile Range, and 

we have f i red from tha t  point  *'? 

"You ask your se l f :  i s  t h e  bene f i t  worth the trouble involved?" 

' 'Le tEs  look a t  the inc reases  i n  payload weight made poss ib le  by a parking 

o r b i t .  A l l  o ther  t h ings  being equal ,  a parking o r b i t  provides a 20 per cent  

increase  i n  payload over a d i r e c t  ascent  t r a j e c t o r y  t o  the  moon, This  is indeed 

a large r e t u r n  when one cons iders  to  what lengths  engineers  w i l l  go t o  increase  

payload weight by only one per cen teve  

I n  add i t ion  t o  descr ib ing  the  parking o r b i t ,  the  JPL e x h i b i t  fu rn i shed  new 

d e t a i l s  about the Vega veh ic l e ,  f i r s t  i n  a series of new space explora t ion  veh ic l e s  

being developed f o r  t he  NASA, 

''Vega was i n i t i a t e d  by the  NASA t o  provide a space research  veh ic l e  capable 

of launching s i g n i f i c a n t  e a r t h  s a t e l l i t e  and deep space payloads a t  the  e a r l i e s t  

T - -  - - ._ _-- -1 
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poss ib le  t i m e s s o  t he  JPL team s a i d .  

V e g a  has a c a p a b i l i t y  of placing s e v e r a l  tons of  payload on o r b i t  around the  

e a r t h  and is capable of deep space payloads of from one quar te r  to  one ha l f  ton. 

A s  cu r ren t ly  envisaged, Vega w i l l  provide a continuing space sc ience  research 

veh ic l e  f o r  some years  t o  come, through normal growth and development. 

'The first s t age  of Vega is an A t l a s  ICBM, provided by Convair As t ronaut ics ,  

modified to  accommodate l a rge r  upper s t ages  than are p resen t ly  used, The second 

s t a g e  c o n s i s t s  of propel lan t  tanks f a b r i c a t e d  from At la s  tank components and a 

modified General E l e c t r i c  engine. 

ment, such a s  deep space probes o r  high a l t i t u d e  s a t e l l i t e s ,  a t h i r d  s t age  prs- 

pu ls ion  system developed by JPL w i l l  be used. I n  addi t ion  t o  developing the 

t h i r d  s t a g e ,  JPL has t echn ica l  d i r e c t i o n  of the  Vega p ro jec t .  

Por missions r equ i r ing  a high ve loc i ty  incre-  

'The Vega program has the  c a p a b i l i t y  of performing these  missions: e a r t h  

s a t e l l i t e s  i n  high c i r c u l a r  o r b i t s  t o  make meteorological observat ions;  e a r t h  

s a t e l l i t e s  t o  a c t  as communication r e l ays ;  lunar  probes t o  be flown near t h e  

moon on a s i n g l e  pass; lunar  probes t o  be p u t  i n  o r b i t  around the moon f o r  long 

term observat ion of  the lunar  sur face  and environment; p lane tary  shots d i r e c t e d  

a s  near misses a t  Mars and Venus. 

"'Vega w i l l  be the  f irst  three s t age ,  l i q u i d  fue l ed ,  f u l l y  guided vehic le  

developed i n  t h i s  country. 

t he  capac i ty  to  be r e s t a s t e d  a f t e r  i t  is stopped. The t h i r d  s t age  engine is a 

s t o r a b l e  l i q u i d  using n i t rogen  t e t rox ide  as  t h e  ox id ize r  and hydrazine a s  the fue l .  

''The f u e l  and ox id ize r  are pumped i n t o  the  combustion chamber by a simple'cold 

The second s t age  General E l e c t r i c  405H-2 engine has 

helium p res su r i za t ion  system. 

t e t r o x i d e  and hydrazine i n  a propel lan t  system. 

the  h ighes t  performance, together  with a high degree of r e l i a b i l i t y ,  of those 

ava i l ab le  f o r  s t o r a b l e  systems. I t  d e l i v e r s  a t h r u s t  of  6000 pounds." 

Th i s  is the  f irst  p r a c t i c a l  appl ica t ion  of n i t rogen  

I t  is a combination which o f f e r s  
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Statement by Dr. William H. Pickering, Director, California Institute of 
Technology Jet Propulsion Laboratory, March 30, 1960, to the House 
Committee on Science and Astronautics. 

Mr. Chairmari and members o.f the Committee: 

1 am grate.fu1 .for this opportunity to discuss with this Committee 

the changes proposed to be made in the Space Act of 1958, I do not think I am 

overstating the case when I say that satisfactory solutions to some of the 

problems .facing 11s in this area a re  central to the welfare o f  this country. We 

must recognize that the United States is firmly engaged in a space program. 

We a re  in  space and will be for years to come. Certainly the actions we take 

now and il-, the next few years will have an ever widening effect on the char- 

acter of t ! ~  program the United States pursues in the exploration of the universe, 

It seems to me that such problems as exist stem .from a complex 

of causes, Fix=&, there is the fact that the U.S. space program is not simply 

a scientific mdertaking to explore space. It has an importance that exceeds 

the scientific motivation, and indeed we have seen recently that our space 

1 J program is becoming an instrument o:f national pblicy. 
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Secondly, the space program is being conducted by two agencies, 

the National Aeronautics and Space Administration and the Department o.f 

Defense. Each agency has clearly stated roles, one in the military appli- 

cation and the other in the scientific-Cold War  application. Yet, there is 

some evidence that the two agencies do not .fully agree on their respective 

roles. 

Finally, the space program is enormously expensive. Having said 

this, it is transparent that duplication of effort, waste of talent and resources 

and marginal programs cannot be tolerated. In this costly new field, with 

a wide variety of exciting and tempting tasks to perform, one must exercise 

great moderation to choose and pick within the framework of our ability at 

the moment, so that a relatively few assignments are performed well. The 

alternative, of course, is that a great number of tasks are performed poorly. 

Part of the misunderstanding relating to the space program, it 

seems to me, stems from a larger problem. This is the increasing import- 

ance o.f the role of technology in U. s, policy making. When we associate 

science and government, there is a tendency to assume that when we say 

science we mean military science. There are quite logical reasons for this 

misunderstanding, but it is important to point out that in these days of the 

Cold War propaganda, non military science and technology may indeed be as 

important to the government as military science. I am not saying, of course, 

that this is an either/or choice; that one must choose non military science 

in place of the military technology, o r  vice versa. I am saying that in some 

of the concern expressed over the space program, we have tended to over- 

look the value of non military applications. 

. , . n .  - --. _.._-__I T"---- --- I_-- ______*.___ 
I ,  7 - ___- II - - _ l l l l l ~ l  



- 3- 

A s  a consequence, governmental support of certain scientific 

and technological activities outside o.f the Department of Defense may, and 

indeed, has assumed a major significance. The establishment of the 

National Aeronautics and Space Administration is an example of the willing- 

ness of the government to embark upon a major non-military scientific 

pro gram. 

However, in view of the long history of support of scientific 

research by the Department of Defense, it is evident that problems may 

ar ise  i f  extensive programs a re  established outside of the Department of 

Defense, particularly i f  these programs appear to impinge on the military 

field. 

The Department of Defense indeed can claim credit for sponsoring 

a major part of our technological advances in the past decade, but on a long 

term basis it appears to me that we should now try to agree on the value of 

government support o.f non military science and technology. When such an 

agreement is reached, clearly a mechanism to express such support must 

be developed. 

At  the present time, of course, the major agencies conducting 

such work with government support are the National Science Foundation, 

the National Aeronautics and Space Administration and the National Institute 

of Health. The Atomic Energy Commission is in a special category since 

it has a charter calling f o r  "the maximum contribution to the general welfare, 

subject at all times to thq paramount objective of making the maximum 
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contribution to the common defense and security. 

serves both a military and non-military function. 

Consequently, the AEC 

Some critics of the space program as it stands today have suggested 

that it should be established under an AEC-type organization. This indeed 

would serve the purpose of unifying both civilian and military factors in the 

program, but in view of the large and valuable experience pool existing in 

the A i r  Force, it does not seem reasonable to attempt to transfer this 

capability to another organization. Therefore, I do not believe that the 

solution to the problem is to extend the charter of the NASA into m AEC-type 

organization. 

In considering possible changes in the Space Act, it seems to me 

that we should start with an assumption that no major organizational changes 

should be made. The prcgress that has been made in the past year, and the 

status of working plans for the future combines to suggest that the present 

organiaation is entirely capable of performing its assignment. To me, the 

achievement of Dr. Glennan and his staff in organizing, on the run in a new 

field, in getting together a bold imaginative program in less than two years, 

is one of the triumphs of men over circumstance. Any major changes in 

this organization would do nothing but harm. 

Consequently, I conclude that the objective of any change should 

be to assure better working relationships between the NASA and the Depart- 

ment of Defense so that each is free to pursue its own assignments. For 
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example, the abilities and interests of the Department of Defense should 

be utilized fully, but this should be done through a clear understanding of 

national goals and a national space program, followed by an assignment of 

responsibilities in all major areas which is consistent with the interest and 

ability of the group concerned. 

The fundamental distinction between civilian and military objectives 

should be clear. Among other things, it is clear that the responsibilities 

for frontier type developments, and f o r  research and development, must 

continue for the forseable future to res t  with NASA. The problem is to 

determine the relative proportion of our resources which should be devoted 

to each area. If this could be agreed upon, I would expect no major difficulties. 

There is no problem of supporting a major in-house space capability in the 

A i r  Force. With the transfer to the NASA of the Development Operations 

Division of the Army Ballistic Missile Agency and the Jet Propulsion Laboratory, 

the large,government supported space laboratories a re  now within the NASA. 

In order to arrive at a proper national space program, I do feel 

that a .formal coordinating mechanism between military and civilian planning 

is required. Dr. Glennan has pointed out that effective coordination between 

the two groups can occur only i f  there is a close relationship at all working 

levels. And, I could add, if there is a real desire for coordination. In this 

I concur, with the added stipulation that such coordination must occur also at 

the program planning level. 
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To bring this high level coordination about, I believe it will be 

necessary to take action above that which the revision of the Space Act 

suggests . 
Undoubtedly, a number of solutions are feasible. One possibility 

would be for  deputks: of both the NASA Administrator and the Secretary of 

Defense to be co-chairmen of a small planning group which establishes 

programs within policy guidelines laid down by the President. The actual 

solution is perhaps a matter for  Executive action, but the Congress should 

assure itself that the total national program indeed is coordinated as the 

spirit of the Space Act demands. 

In conclusion, please allow me to express to the members of this 

Committee, and through you to the Congress, my thanks for the fine support 

and understanding you have given the national space program, Thank you, 
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FOR RELEASE Friday a.m.,  August 25, 1961 

Selection of the Blaw b o x  Equipment Division, the B l a w  Knox Company, 

Pittsburgh, Pa., t o  conduct a second phase feasibil i ty study concerning a 240 

foot i n  diameter space tracking antenna f o r  Goldstone, Calif., WEAS announced 

today by the National Aeronautics and Space Administration. The contract 

mounts t o  $250,000, 

"he announcement was  made by Edmond C. Buckley, Assistant Director of 

space Flight Operations f o r  the NASA, and Dr. Ekerhardt Rechtin, Director of the 

Deep Space Instrumentation Fac i l i ty  (DSIF) which is operated fo r  the NASA by 

the California Ins t i t u t e  of Technology Jet  Propulsion Laboratory. 

The DSIF' presently consists of three tracking s ta t ions,  located 

approximately 120 degrees ap& around the world i n  order t o  insure that one of 

the s ta t ions always is i n  position t o  maintain radio contact with a spacecraft. 

The s ta t ions are at Goldstone, C a l i f . ,  which i s  equipped with two space tracking 

antennas each 85 feet i n  diameter; Woomera, Australia, and new Johannesburg, 

South Africa. The Woomera and Johannesburg s ta t ions each have one 85 foot i n  

diameter antenna. 

While the existing antennas are usef'ul f o r  a v a r i e t y  of space experiments, 

the larger antennas will permit tracking Over much greater distances, Dr. 

Rechtin explained. 

overloaded by the requirements of the lunar program. 

In addition, he said, the present DSIF stat ions are heavily 

Thus, when it became clear tha t  new antennas would have t o  be added 

t o  the  DSIF, i n i t i a l  f ea s ib i l i t y  studies showed that an increase of three times 

T - .  ... 7 



in the size of the 85 foot antennas would probably Improve communications by 

a factor of ten at a cost competitive with alternate Bolutions involving 

spacecraft components. 

"Bpthough an improvement in communications by a factor of ten would 

be usef'ul in deep space exploration at any time," Dr. Rechtin said, "this 

improvement becomes a virtual requirement with the coming of the Saturn class 

Paunch vehicles." 

"These vehicles are capable of launching spacecraft which can perform 

missions that were not possible before, 

lunar roving vehicles, photographic lunar and planetary probes ana advanced 

programs associated with manned flight to the moon." 

Typ%cal of these new missions are 

This phase of the Blaw &ox feasibility and design study is expected 

to be completed by July of 2962. 

foot antenna to be operational at Goldstone by Janum 1, 1965, 

The planning schedule calls for the 2 4  

Blaw Knox was chosen from four companies which engaged in a competitive 

four month initial study to investigate the feasibility of large antennas. 

These four companies had been selected from 17 companies which made proposals 

to JPL following a two-day briefing on September 29 and 30 of 1960. 
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OFFICE OF PuBzlIC EDUCATION AND INFORMATION 
CALIFORNIA INSTITUTE OF TECHNOLOGY JET PROPULSION LABORATORY 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
PASADENA, CALIFORNIA. TELEPHONE MURRAY 1-3661, EXTENSION 3351 

FOR RELEASE: Wednesday, p.m., February 14, 1962 

PASADENA, Calif.--A new environmental simulator was used for the 

first time mlay at the California Institute of Technology Jet Propulsion 

Laboratory to test the reactions of a spacecraft LO a long trip to the planet 

Venus. 

The space simulator, the largest ol" its kind in the United States, 

will be used to determine the ultimate design of lunar and planetary space- 

craft that JPL is developing for the National Aeronautics and Space Admini- 

stration. 

The first spacecraft in the chamber w i l l  be Mariner, a 450 pound 

Venus probe that W i l l  be subjected to the environment of space for 3 weeks. 

The Mariner is 10 feet high and measures 14s feet across with its solar panels 

extended. In this test a full-scale temperature control model is used. 

"he space simulator, which cos ts  $4 million, was built for the Lab- 

oratory by a team of industrial firms headed by Consolidated Vacuum Corporation 

of Rochester, New York. 

The entire facility consists of a 10,000-square-foot building to house 

offices, a control room, an equipment area, and the space simulator. The 

simulator is a cylindrical tower 80 feet high and 27 feet in diameter. Contained 

within the lower part of this silo-like structure is a stainless steel vacuum 

chamber that measures 47 feet high by 25 feet in diameter for testing space- 

craf?t. The upper part of the tower houses a solar  simulation unit. 

The advantages of creating here in Earth the conditions that a space- 

craft must endure during a three-month space flight to the nearest planets is 

explained by Herbert D. Strong, Chief of the Wind Tunnels and Environmental 

T '  .- - c 7 
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Section at JPL. 

"Space is characterized by an absence of heat and pressure," says 

"It is a perfect vacuum where temperature, as we k n o w  it on Earth, Strong. 

does not exist unless there is some object to intercept the radiant heat 

from the sun." 

Since the only energy in space is that radiated from the sun, the 

temperature of an object, such as a spacecraft, would depend on several 

factors: its distance and orientation relative to the sun, its color or 

f i n i s h ,  the material or which it is made, and its shape. 

"A black ball:' Strong explains, "would absorb more heat in space 

than a white ball. If the black b a l l  happened to be made of a material that 

was a poor conductor of heat, only the side facing the sun would be hot. The 

other side which faces dark space would be extremely cold." 

"In designing something as complicated as,a spacecraft," s a p  

William R. Howard, Chief of the Engineering Facilities Division, "conditions 

such as these where there are hot and cold spots can lead to complications. 

Electronic components would freeze or bake, batteries would stop working and 

sensitive measuring devices would be useless." 

'%hat we must do," he sws, "is design a spacecraft that has the 

right color, finish, material, and shape to absorb just enough heat to main- 

tain a warm temperature all over. 

simulator is needed that is large enough to test the complete spacecraft in 

its flight configuration. I' 

In order to do this a space environment 

Such a simulator must meet three basic requirements: It has to have 

a lighting system that duplicates a l l  the visible and invisible rays of the 

sun in a collimated beam; it has to be as close to the perfect vacuum of space 
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that is practical in a chamber of this size; and it must be designed so that 

the inner walls do not emit heat, and absorb heat and light rediated by the 

spacecraft. 

A unique feature of the space chamber is the intricate optical system 

designed by Bausch & Lomb, of Rochester, New York. Artificial sunlight is gen- 

erated by 131 compact arc mercury xenon lamps. Each lamp utilizes 2$ kilowatts 

of' power and has a 16-inch reflector. 

At the outset of the study to develop this optical system, it was 

suggested that the lights be placed inside the vacuum chamber. However, the 

initial design analysis indicated that this arrangement would create quite a 

cooling problem and it was decided to put the system in a space on top of the 

chamber ana shine the light down into the vacuum chamber through a 3-foot lens. 

The system works like this: The light from the mercury xenon lamps 

shines downward on a parabolic mirror and is reflected upward in a concentrated 

beam to a hyperbolic mirror. 

the lens and into the vacuum chamber. 

to the optical system of a Cassegrain telescope. 

From there it is reflected downward again through 

This external light source works similar 

Once inside the chamber, the 3-foot beam of light has to be widened 

to about 12 feet. To accomplish this, a special e foot-in-diameter mirror 
reflects the light beam to a parabolic mirror at the top of the cylindrical 

chamber. From there it shines down on the spacecraft in a collimated beam, as 

would actual sunlight in space. Eventually this system w i l l  be modified to 

project a 25-foot beam. 

One of the interesting features of this lighting system is that it 

can be varied to simulate the intensity of sunlight that a spacecraft might be 

expected to encounter as near to the sun as Venus or as far away as Mars. 
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At these intensities, a great deal of heat is projected onto a 

spacecraft travelling in space. If it is well-designed, the Spacecraft w i l l  

absorb some of this heat to keep its thermal balance near the optimum level. 

The rest will be reflected into the infinity of space. 

When a spacecraft is confined in an ordinary vacuum chamber, with 

room temperature walls, apreciable heat is radiated back into the chamber 

by the walls, creating a condition unlike space. 

To simulate the space environment an aluminum shroud was built 

inside the JPL chamber. 

to absorb heat and cooled to -310 degrees Fahrenheit. This temperature is 

maintained by pumping liquid nitrogen through small tubes running through the 

shroud. With this system, 99 per cent of the heat radiated from the spacecraft 

is absorbed and carried away. The nitrogen (which boils at -320' F.) is stored 

in a 28,000 gallon tank outside the new building. 

The shroud is nade of 200 plates which are dull black 

Of course, the higher the solar intensity of the test (depending on 

whether the spacecraft is designed for a trip to Venus or Mars), the more 

nitrogen is consumed. 

the Earth has 2-$ times the intensity of Mars. 

To create an adequate vacuum in the chamber a three-stage "pump-down" 

Venus receives twice the solar intensity of Earth, and 

is utilized. 

used to run JpL's 20-inch supersonic wind tunnel. 

off, a %oughing" system, consisting of three vacuum blowers, removes all but 

a small fraction of the initial air. 

take Over to produce a vacuum of 

one billionth of the atmosphere at sea level. 

times less than this.) 

The first stage is accomplished by seven compressors ordinarily 

Then, as this line is valved 

At that point, ten oil diffusion pumps 

millimeters of mercury, which is about 

(The vacuum of space is a billion 

These diffusion pumps work continuously during tests to 

. "  
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remove any outgassing or evaporation from the chamber. 

Spacecraft w i l l  be placed on a special support in the simulator with 

the aid of a handling cart. Twelve portholes in the chamber allow observation 

of the spacecraft during a simulated space exposure. 

During a test, engineers in the control room will monitor the reactions 

to the space environment of the spacecraft's transmitting and receiving equipment, 

guidance and control system, and scientific instruments. This w i l l  be accomp- 

lished by electrical circuits which connect t o  various parts of the spacecraft 

and lead through the w a l l s  of the chamber into the control room. 

Another feature of the chamber w i l l  be the optional addition of a 

vibration unit at a later date. 

craft would encounter during mid-course maneuvers or when retro-rockets fire. 

This w i l l  simulate vibrations that a space- 

While CVC is responsible for the overall design, fabrication, and 

management coordination of the entire facility, many of the design features 

were the products of a joint CVC-JPL effort. Melvin N. Wilson, head of the JPL 

Technical Facilities Group, is the project engineer responsible for the Laboratory's 

contributions. 

Consolidated Vacuum Corporation's design and fabrication team includes 

the following subcontractors: 

Pittsburg-Des Moines Steel Corporation, Pittsburgh, Pennsylvania- 

Fabrication of the steel vacuum chamber and erection and assembly of the entire 

facility . 
Aetron Division of Aerojet-Genera3 Corporation, Cavina, California - 

Design of the building, instrumentation and external cryogenics. 

Bausch & Lomb, Rochester, New York - Design of solar  simulation system. 

Tenney Engineering Corporation, Union, New Jersey - Internal cryogenics 
and power system for lights. 

102-6161 
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PASADENA, CfiIFORNIA. TELEPHONE 354-5011 

FOR RELEASE SUNDAY, JANUARY 9, 1965 

PASADEXA--Appointment of project managers for the two forthcoming 

Mariner-series deep space exploration missions to Venus and Mars has been announced 

by Gen. A. R. Luedecke, 9eputy Director of the Jet Propulsion Laboratory of the 

California Institute of Technology. 

Dan Schneidem, Vminer N project Manager, w i l l  manage the Venus project. 

It involves a single spacecraft to be launched in 1967. In addition, he w i l l  

continue through 1967 in the completion of his duties as Project Manager for the 

recently successf'ul Mariner IV mission to Mars. 

E. '.f. Schurmeier, fomer 3mger Project Manager and currently Capsule 

System Manager for the Voyager series, will manage the new M a r s  project, an effort 

involving two new Mariner spacecraft scheduled for launch in 1969. 

EPfective Febr~a ry  1, Schm-eier wi l l  relinquish his duties as Voyager 

Capsule System Manager to Geoffrey Robillard, who wil l  also continue in his present 

duties as Deputy Voyager Project Xanager under Dr. D. P. B..wchm, Luedecke said. 

Voyager is a planetary eeloration spacecraft scheduled for launch to 

Mars in 1973. 

JPL wil l  design and build the two Mariner/Mars '69 spacecraft and modify 

a spare Mariner N spacecraft for the Venus mission in 1967. 

JPL was assigned project nanagernent for the two new planetq missions 

by the National Aeronautics and Space Adninistration. 
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JET PROPULSION LABORATORY, CALIFORNIA INSTITUTE OF TECHNOLOGY 
NATION& AGRONAUTICS AND SPACE ADMINISTRATION 
PASADENA, CALIFORNIA. TELEPHONE 354-5011 

FQR RELEASE: Sunday, Ju ly  10, 1966 

Pasadena, Calif.--A solid state battery no larger than the end of your 

thumb has been developed by three scientists at the Jet Propulsion Laboratory of 

the California Institute of Technology. 

The miniature battery may have wide application in microelectronics 

circuits used in spacecraft and throughout the electronics industry. 

This potential breakthrough in micro-miniaturization was the joint 

accomplishment of Dr. Allen M. Hermann and Dr. Alan Rembaum of the JPL Polymer 

Research Section, and Prof. Felix Gutmann of the University of New South Wales, 

Australia. All of the research was done at JPL, which Caltech operates for the 

National Aeronautics and Space Administration, reports Dr. Robert Landel, manager 

of the Polymer Research Section. 

The Tom Thumb battery--the size of a dime--has a core of three wafers. 

The electrolyte can be made from several synthetics known as charge-transfer 

complexes. 

extensive testing was made from iodine mixed with perylene sandwiched between 

thin wafers of magnesium and platinum. 

The electrodes are of dissimilar metals. One cell which underwent 

This gave a voltage of 1.5 volts. 

When perfected, the cell could be made even smaller, the scientists 

say. Moreover, the battery may be sterilizable for spacecraft use. Thus far it 

has withstood tests at temperatures of over 130 degrees, Centigrade (266 degrees, 

Fahrenheit). 

The tiny cells generally produce current of a few milliamperes with a 

useful lifetime comparable to that of commercially available cells. They can be 

recharged and have an indefinite shelf-life. According to the inventors, the cells 

lend themselves particularly well to spacecraft squib-firing mechanisms where a 

capacitor is charged from a primary power source. 
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But perhaps their main use may be to energize microelectronic circuits, 

making spacecraft sub-systems less dependent on the main power supply, Since 

they are solid state devices of small size, they can be incorporated directly 

into microcircuits by standard techniques. 

The polymeric batteries, in their present state of development, would 

appear to have limited commercial potential because of the relatively low current 

generated. However, in one recent test of a charge-transfer complex, a short- 

circuit current of 25 milliamperes was obtained. 

Open-circuit voltage for the iodine-perylene cell may be as high as 

2.5 volts depending on the types of electrodes used. 

Perylene is a hydrocarbon which, when mixed with iodine or other 

halogens, forms a charge transfer complex of low impedance. 

agents tested included a promising polymer, poly-N-vinylcarbazole. 

Other complexing 

While solid state cells have been under investigation for years, the 

JPL cell is believed to be novel in that the electrolytes are made more conducting 

by combining with organic substances which are themselves insulators. The cells, 

therefore, produce correspondingly more current. 

The composite electrolytes also are soluble in a large number of 

solvents, an important feature from a production point of view. 

The researchers have also devised and tested a battery containing no 

metal. The total cell was made from synthetics containing only carbon, hydrogen, 

and nitrogen. An open-circuit voltage of .l5 volts and minute current resulted. 

Development of non-metallic cells would therefore appear to be of only scientific 

curiosity at this time. I 

Advantages of solid state cells Over wet cells, or even dry cells, are 

clear-cut. Wet cells contain inorganic acids as electrolytes. Dry cells are not 

really dry since they contain ammonium chloride in water. 



. .  . 
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Aiding in space adaptation, the Tom Thumb batteries should be insensitive 

t o  radiation, t h e  developers say. 

The basic research leading t o  t h i s  development was supported by NASA’s 

Office of Advanced Research and Technology. 

395-6129166 
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NxJ$Jr FACILITY To ASSURE STERILE VOYAGER TO MARS 
-rd 

PASADENA, Calif.--A new laboratory clean enough to excite the envy of a 

Dutch housewife may aid United States scientists in achieving the goal of landing 

a sterile Voyager capsule on M a r s  in the next decade. 

Caltech's Jet Propulsion Laboratory this week announced a $200,O00 con- 

tract had been awarded to Avco Corporation's Space Division, Wilmington, Mass., 

for task work in JPL's new $1.5 million Sterilization Assembly Development Labora- 

tory (SADL). Starting in mid-1967, SADL w i l l  be sterilization testing headquarters 

for Voyager, the spacecraft of the 1970's. 

In this antiseptic laboratory, JPL research engineers w i l l  use steriliz- 

ing heat and gas to develop methods that will reduce to an infinitesimally small 

probability the chance of any live Earth microbe arriving on Mars. The clean-room 

tests comply with requirements of the National Aeronautics and Space Administration 

that no U. S. spacecraft should contaminate Mars or any other planet of biological 

interest. 

NASA ha6 designated JPL to conduct the Voyager Project for solar system 

investigation starting in 1973. 

orbit and land survivable capsules on Mars and Venus, with the goal of studying 

The unmanned spacecraft will be designed to fly by, 

possible life on these planets or  the remains of life in the past. 

!he 1,200-square-foot SADL clean room, 35 feet high, will advance tech- 

niques developed since 1964 in a smaller Experimental Assembly and Sterilization 

Laboratory (EASL) at JPL. The purpose of SADL is to refine sterilization procedures 

specifically for planetary landing capsules. 

First major SADL project will be assembling a lb-foot Voyager capsule model. 

Electronic sub-systems a lso  will be tested. The capsule w i l l  be used as an exercise 

vehicle for evaluating procedures, improving ways of measuring organisms, and devis- 

ing the cleanest handling methods before the Voyager is ultimately designed. 
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George W i n ,  Voyager capsule s t e r i l i za t ion  engineer, estimates it w i l l  

take several years t o  f i l l y  develop a germ-free capsule. 

given i ts  f i n a l  dry-heat s te r i l i za t ion ,  it w i l l  be sealed i n  a canister t o  shield 

it from possible in- f l igh t  contamination. 

t o  entering the  M a r s  atmosphere. 

Before t h e  capsule i s  

This canis ter  w i l l  be discarded pr ior  

The JPL tests w i l l  determine clean-room standards t o  be required of 

The NASA quarantine plan asks tha t  Voyager's mission be Voyager contractors. 

. studied f o r  every conceivable source of contamination and tha t  all  parts of the 

capsule be ce r t i f i ed  biologically s ter i le--vir tual ly  99.99 per cent pure. 

Such quarantine, NASA says, i s  necessary i f  Voyager i s  t o  take and assay 

From these samples sc i en t i s t s  hope t o  accurate exobiological samples on Mars. 

define the Martian biosphere. 

atmosphere capable of sustaining l i fe .  

on other planets. 

The biosphere i s  tha t  part of a planet and i t s  

Exobiology is  the study of l iv ing  organisms 

What do sc i en t i s t s  expect t o  f ind on M a r s ?  With i t s  apparent lack of 

oxygen, most foresee l i t t l e  chance of discovering higher forms of l i f e  there,  

"We may f ind  microorganisms, mosses, lichens," h a z a d s  Dr. Charles W. 

Craven, JPL Voyager quarantine manager. 

Elut as Dr. Norman H. Horowitz, chief of JPL's bioscience section, puts 

it: 

sc i en t i f i c  value. Studies of the Martian genes and enzymes would t e l l  us whether 

Martian l i f e  originated independently, o r  i s  a branch of the same family t r ee  

tha t  we have on Earth." 

"Any form of l i f e ,  however primitive, found on Mars would be of immense 

How does JPL achieve 99.99 per cent cleanliness? 

The SADL researchers w i l l  subject Voyager p a r t s  t o  dry heat cycles and 

ethylene oxide gas exposures. The current heat treatment f o r  qualifying photo type 

e q u i p n t  is  at  135 degrees Centigrade (275 degree8 Fahrenheit). Qualification fo r  

gas exposure is at 50 degrees, C. (122 degrees, F) and 45 per cent humidity. 

s t e r i l i za t ion  cycles f o r  f l i g h t  equipment would be a l i t t l e  less rigorous. 

Actual 
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In EASL, components are assembled in laminar air-flow benches set in 

the walls. 

f l o w  clean room. 

In SADL, capsule assembly w i l l  be made in the central vertical air- 

The heat-gas cycles k i l l  off bacterial spores so that there will be only 

a very remote probability of even one spore surviving, sterilization engineers 

report. These spores, among nature's most primitive forms, have proven most re- 

sistant to sterilization. 

They work in a constant flow of air from ceiling to grated floor, at 

a zephyr-like one mile per hour. 

humidity 45 per cent. 

microorganisms. 

solid basis for the SADL clean room. 

Room temperature is a constant 70 degrees (F), 

The air is recirculated through fine filters which remove 

Thus far EASL has satisfied NASA's requirements and f'urnlshes a 

Besides SADL, nearly a score of NASAJPL sterilization projects are 

under way. Among these are decontamination of solid and liquid-propelled rockets, 

and building an approved list of electronic p a r t s  for Voyager spacecraft that will 

withstand sterilization. 

10,000-hour tests on resistors, transistors, diodes and circuit boards. Current 

JPL budget on this program alone is $1.1 million. 

Several industries hgve clean rooms helping JFL run 

Sterilization engineers have found that heat seems to break down more 

p a r t s  than gas. 

When the first Ranger moon spacecraft was sterilized, protective plastics shrank, 

seals leaked and wire inmilation cracked, csusing electronic failures. 

Synthetics and soldered connections are most susceptible to heat. 

To prevent such mishaps in the Voyager project, synthetics--polymers 

in the engineer's lexicon--must be toughened up. 

in spacecraft include epoxy adhesives, electronic packaging, thermal insulation 

and cables. 

aasure NASA that quarantine and quality requirements are being met. 

The nryriad uses of polymers 

Throughout the project JPL engineers will check contractors to 

417-10/18/66 
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FOR RELEASE: Sunday, November 13, 1966 

Jm, MARS BIOLOGICAL TEAM TO S'IUDY ANTARCTIC VALUYS 

PMADEXA, Callf.--A biological teem from CalteQh'e Jet Propulsion 

Laboratory leaves tomorrow (Monday, N w .  14) for the first investigation of 

Antarctica sponsored by the National Aeronautics and Space Administration, 

Headed by Dr. Roy E. CBlperon, senior soil scientist, the JPL team 

wlll spend 23 month8 in Antarctica valleys taking sample6 end conducting teste 

that may prove helpful in iuture unnurned exploration of Mare. . 
Gerald B. Blank will accompeny Dr. Cameron. On arrival at McMurdo 

Sound Nov. 17 they will set up one ton of equipment sent ahead for an Ant- 

arctic s m r  field laboratory. 

At McMurdo Sound the scientists will study soils to be obtained from 

the Wright, Victoria, Taylor end Beacon valley6. 

men off in these ice-free valleys and rcientific mearm~enrentr Will be mede 

Helicoptcrr Will drop the 

for several weeks at varioue sites. 

The imrc8tigators hope to find micro-orgSni8me in the frigid, derert- 

type soil. Measurements also will be taken of temperature, humidity, wind, 

evaporation, solar radiation and heat exchange. 

One ton of soil w i l l  be rhipped back Yo the United States under 

refrigeration for further culture study by JPL end other NASA scientists. 

Tho Jpz tern Will be in Antarctica until Jan. 31, 1967. "he imrarti- 

gatore also plan to spend tan day8 doing coaparativc roi l  rtudler In ]low Zsslend 

before returning home about Feb. 15. 

. - . . 
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The Antarctic investigation continues the Ja study of Earth's harshest 

desert areas. Dr. ?I. A. Horaritz, JPL bioscience section manager, says  such 

atudies are essential before lift-detection experiaaents are sent to Mars in the 

next decade, 

be largely desert. 

Because of its thin atmosphere and scant water, Mars is believed to 

Detection of extraterrestrial life le a prime RASA concern. 

Earlier this year Dr. Canreron end Richard Dgvies of JPL collected 

750 pound8 of desert soi l  smplcs f m m  the A t s c a m  Desert--believed the world's 

driest--in Chile. 

can grow well with very little oxygen. 

taken f r o m  21 sites from  ea level to 20,OOO feet. 

A group of micro-flora (miniature plant life) was found which 

Teste are continuing on 36 Chilean semplea 

Extensive preparations have been made for the JPL investigation in 

hhrctica. 

White Mountains of California at elevations of 12,500 to 14,250 feet, simulating 

alpine-polar sites. 

For the past five summers, soil studies have been made in the 

The expedition has the loglatical support of the Hationel Science 

Other biologists have found lichens and mosses at sea level in Foundation. 

Antarctica, but previous investigations in higher valleys have been sketchy and 

yielded no microorganisms. 

Other Institutions which will uslit later in the Antarctic study ewe 

the University of California at Loa Angelee, Oregon State University and New 

Meldco State University at Laa Cruces. 
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TWO MARINERS TO COMBINE IN NASA-JPL SOLAR PLASMA S'IIJDY 

PASADENA, California--The Mariner Venus spacecraf t  of 1967 may combine 

w i t h  t h e  Mariner Mars spacecrafi, vintage 1964, in a novel experiment planned 

f o r  t h i s  summer and f a l l  by Cd tech - Je t  Propulsion Laboratory s c i e n t i s t s  f o r  t h e  

National Aeronautics and Space Administ rat ion. 

T h i s  month, September and e a r l y  October before Mariner V is  scheduled 

t o  f l y  by Venus, JPL s c i e n t i s t s  w i l l  attempt t o  ge t  readings on s o l a r  plasma 

and space magnetism from bot3 Kariner V and Mariner I V  while they  a r e  i n  t h e  same 

d i r e c t  l i n e  w i t h  Earth and t h e  sun. 

The two spacecraft  would be about 70 mil l ion  miles apar t  w i t h  E a r t h  

roughly i n  t h e  middle ,  on a l i n e  drawn f r o m  t h e  Sun. 

cap i ta l ized  on assuming t h a t  Mariner IV'sradio t r ansmi t t e r  would s t i l l  be 

The unique l i neup  could be 

operating . 
"And we haveno reason t o  bel ieve it won't be," says Conway W. Snyder, 

Mariner Venus pro jec t  s c i e n t i s t .  The Mars Mariner's s i g n a l  came through loud and 

c l e a r  only last week on t h e  Caltech-JPL 210-foot antenna at t h e  nearby Goldstone, 

California,Deep Space S ta t ion .  A t  t h a t  t ime Mariner I V  was more than 75 mi l l ion  

miles from Earth.  

From as far as 215 mil l ion  miles, Mariner I V  has reported s c i e n t i f i c  

data t o  Earth f o r  $ years.  

Mariner V was launched from Cape Kennedy on June 14 with encounter of 

t h e  p lane t  s e t  f o r  October 19. 

-more- 
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The periods of conjunction t h a t  w i l l  be studied a re  from about August 10 

t o  21 and roughly September 1 t o  October 10. On September 7, Mariner I V  w i l l  be 

only 29,167,000 m i l e s  f r o m t h e  Earth i n  i t s  e l l i p t i c a l  swing, and Mariner V w i l l  

be roughly 20.5 mill ion miles d i s t a n t .  

By t h e  time Mariner V encounters Venus it wi l l  be 49.5 mill ion miles 

away and Mariner N, moving slowly, w i l l  have f a l l e n  behind E a r t h ,  34 mil l ion 

miles out. 

The J T L  space s c i e n t i s t s  hope t o  record shock waves and other  d i s t u r -  

bnncec i n  t h e  s o l a r  wind o r  magnetic f i e l d s  encountered by each spacecrart  during 

Auwst .  

per  second, according t o  previous experiments on Mariner I1 and o ther  spacecraf t .  

The solar plasma streams out from t h e  sun at r a t e s  of 200 t o  500 miles 

Later, during September and October, t h e  two-spacecraft readings w i l l  

be concerned w i t h  concentrations of s o l a r  high-energy pa r t i c l e s .  Attempts w i l l  

be made t o  measure t h e  speed and d i rec t ion  of streams of electrons and protons. 

These high-energy p a r t i c l e s  move at almost t h e  speed of l i g h t  (186,000 

miles per  second), and hence can t r a v e l  fran Mariner V t o  Ma.riner I V  i n  a 

matter of minutes. 

would require  up t o  a day and a ha l f  t o  record. 

The A u g u s t  readings, because of t h e  slower plasma stream, 

This would be t h e  most spectacular use of Mariner I V  s ince it flew by 

Mars on J u l y  14, 1965, and returned 22 p ic tu res  of t h a t  planet from a dis tance 

of 6,118 miles. 

near ly  th ree  years a f t e r  t h e  Mariner I V  launching on November 28, 1964. 

The time of t h e  projected twin-spacecraft experiments would be 

Among t h e  other  half-dozen major experiments scheduled t o  be accomplished 

by Mariner V are radio occul ta t ion measurements of t h e  densi ty  and the  composition 

of t h e  heavy Venus akmosphere. 

Other instruments w i l l  seek da ta  on temperatures, e lectron dens i ty  and 

S c i e n t i s t s  also w i l l  possible  rad ia t ion  b e l t s  a.round t h e  E a r t h ' s  s i s t e r  planet.  

-more- 
- - 2 .  v .  . -  - .. 7 
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attempt t o  obtain more accurate f igures  on Venus' rnass, o r b i t  and general  

pos i t ion  v i s  a vis  E a r t h  i n  t h e  so l a r  system. Venus o r b i t s  t h e  Sun at a mean 

dis tance of 67.2 mil l ion miles. Earth o r b i t s  at a mean 92.9 mil l ion miles. 

I n  sum, t h e  s c i e n t i f i c  f indings of Mariner V could contr ibute  some 

leading answers--not f i n a l ,  of course, but helpful--to t h e  in t e re s t ing  questions: 

How much is  our s i s t e r  planet  r e a l l y  l i k e  E a r t h ?  

What chance i s  there of f inding l i f e  on Venus v i a  robot landers? 

And, ul t imately,  would the re  be any point i n  sending a manned space- 

c r a f t  t o  Venus i n  t h e  fu ture?  

451-8/8/67 
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CALTECH -wPLIT-SECOND TESTS SIMULATE 
HARD LANDINGS OIV MOON AND PLANETS 

PASADENA, Cal i f  .--In a sha t te r ing  one-tenth second or less, Caltech-Jet 

Propulsion Laboratory engineers t r i g g e r  tests which determine what chance spacecraft  

equipment has of surviving a rough landing on t h e  moon o r  planets .  

Split-second JPL impact t e s t s ,  using powerful compressed a i r  guns and a 

giant  s l ingshot ,  h u r t l e  equipment against  so l id  ba.ckstops a t  speeds up t o  500 feet 

pe r  second (340 miles per  hour),  

These experiments ha.ve proved tha.t i n t r i c a t e ,  de l i ca t e  components required 

i n  sophis t icated unmanned spacecraft  of today and tomorrow ca.n be protected t o  w i t h -  

stand shocks of 10,000 G ' s .  

accelerakion. 

The G i s  a. u n i t  equal t o  t h e  Ear th ' s  gra.vita.tiona1 - 
Stan Taylor, engineer i n  charge of high impact t e s t ing ,  explains it t h i s  

wa.y, "During t h e  br ie f  insta.nt t h a t  t h e  t es t  specimen i s  experiencing t h e  10,000 G 

shock, every pa r t  of it behaves a s  though it weighed 10,000 times i t s  normal weight. 

The bo l t s  supporting a one pound t e s t  i t e m  have t o  be good f o r  about f i v e  tons." 

Since 1959 t h e  JPL high-impact program has helped, through t e s t i n g  thou- - 
sands of pieces of equipment, i n  formulating s t ronger  design f o r  spacecr~i f t  equip- 

ment i n  lunar and planetary p ro jec t s  of t h e  Rationa.1 Aeronautics and Space Adminis- 

t r a t  ion. 

Moreover, continuing t e s t s  show present components a.nd designs w i l l  not 

have t o  be cha.nged r ad ica l ly  t o  withstand r e l a t i v e l y  hard landings. 

"Future planetary missions may impact capsules o r  in s t rumen t  packages a t  

speeds of a f e w  hundred f e e t  per  second," says Marcus G. Comuntzis, rnanager of t h e  

-more- 

- - -_ 
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lunar  spacecraft development section, which a l s o  works on planetary missions. The  

high-impact program he d i r e c t s  " t e l l s  us  what causes f a i l u r e  and what must be done 

t o  insure s u r v i d  of a spacecYaf't .I1 

Comuntzis is  t a lk ing  about unmanned spacecraft .  But, he adds,  lessons 

learned i n  high-impact t e s t i n g  could be helpful  i n  building s t u r d i e r  manned space- 

c r a f t .  

A l l  types of equipment undergo t h e  shock treatment-electronic components, 

t ransmit ters ,  amplifiers,  tape recorders, b a t t e r i e s ,  motors and mechanical pa r t s .  

Most of these can be "ruggedized" a s  well  a s  miniaturized, according t o  James 0. 

Lonborg, supervisor of t h e  high impact and advanced mechanisms group. 

High impact research i s  conducted in  t h e  range from 2,000 t o  10,000 G ' s  

and speeds of 200 t o  500 feet per second (137 t o  340 mph). 

Tests are designed t o  simulate braked spacecraft  approach speeds t o  t h e  

moon o r  near planets.  

before landings; parachutes o r  balloons may be used i n  t h e  fu ture .  

speeds range f r o m  9,000 feet per  second t o  t h e  moon up t o  25,000 F.P.S. t o  Mars 

(6,140 t o  17,000 mph). 

Presently,  retro-rockets are used t o  slow down spacecraft  

Unbraked approach 

The JPL compressed air  guns have bores of 3, 6, 22 inches. The huge 

slingshot uses two  20-foot rubber s t r a n d s  cal led bungee t o  propel t h e  tes t  spechnen 

and i ts  supporting s l e d  down a t r a c k  at speeds up t o  200 feet per  second. 

impact is  "softened" by allowing t h e  s t e e l  nose of the  s l e d  t o  penetrate  i n t o  a 

copper block. The guns launch specimen-containing p r o j e c t i l e s  at higher speeds 

against  ba lsa  o r  redwood backstops t o  accomplish similar results. 

The 

While t h e  sl ingshot operates above ground i n  a caref'ully screened area, 

the guns have been installed in bunkers to muffle the noise and reduce the dangers 

of ricocheting. 

-more- 
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The 22-inch gun is housed i n  a 50-foot bunker w i t h  walls 14 inches thick.  

The gun, resembling a Navy breach-loader, has an 18-foot bar re l  and a pressure 

chamber (accumulator) 12 f ee t  long. 

per square inch. 

It is  pressurized t o  a maximum of 200 pounds 

The t e s t  weapon f i r e s  an aluminum al loy pro jec t i le  called a sabot, French 

f o r  shoe. 

equipment can be attached t o  the  sabot. 

Fired only eight t o  11 fee t ,  the  sabot package smacks t h e  redwood back- 

Weighing over 250 pounds, it packs quite a kick. Up t o  100 pounds of 

board wi th  up t o  one million pounds of force and 500 fee t  per second velocity. 

Testers operate the  f i r i n g  controls f r o m  a separate bunker. 

record each test  on closed-circuit television. 

They observe and 

A team of t e s t e r s  headed by Stan Taylor recently began a new ser ies  wi th  

A 260-pound sabot was f i red  at  275 fee t  per second in to  the red- t he  22-inch gun. 

wood barrier producing a 7,400 G shock. 

blocks (6-inch cubes) locked i n  a frame, was indented t o  an average depth of 2 inches. 

Future experiments w i l l  carry the  impact range beyond 10,000 G's. 

For a young engineer whose equipment is being tested on the  smashing block, 

I n  a recent t e s t  of a compact 3/4-pound antenna proto- 

The backboard, consisting of 49 redwood 

suspense can be excruciating. 

type, D r .  Kenneth Woo winced as h i s  "baby" was slung by the  bungee a t  8,000 G ' s  and 

165 f ee t  per second. 

The planetary spacecraft antenna was  encased i n  a 9-pound aluminum box 

riding between s t e e l  runners. 

an electrically-controlled cable. 

The linen-wrapped rabber bands were pulled taut  by 

When the control button was pushed, the  box was snapped 17 fee t  i n  roughly 

The protec- a tenth of a second. 

t i v e  s t e e l  prong on the  front of the  box was driven almost an inch into the copper 

anvil .  

The whang of the  impact was almost instantaneous. 

-more- 
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Later, t h e  re l ieved designer found t h e  antenna unharmed a n d  f u l l y  apera- 

t i o n a l .  

t h i r d  t e s t  of t he  antenna and one more may be required before a flight model is 

approved. 

0d.y minor modifications m a y  be needed i n  t h e  f i n a l  model. T h i s  was t h e  

High-impact research has l e d  t o  t h e  use of spec ia l  materials, including 

severa l  new p l a s t i c s .  

e lec t ronic ,  electro-mechanical and mechanical components. 

have developed t i n y  ball-bearings which operate wel l  at t h e  extreme limits of 

10,000 G ' s  and 500 f e e t  per  second. 

It a l s o  has developed spec ia l  mounting techniques for 

For example, engineers 

Comuntzis defines t h e  basic  goal of h i s  designers. "It i s  t o  take 

shock-resistant components and keep making them more rugged as we t r y  to shrink 

them," he says. 

Rough-landing spacecraft  and equipment a re  r e l a t i v e l y  simple t o  design. 

But t h e  engineers regard "ruggedized" equipment a s  e s sen t i a l  on so-.called so f t  

landers,  too.  Such equipment could survive a bad landing, they say, and s t l l l  

Feturn t o  Earth daka on what ha.ppened. 

A high-impact diagnostic package was d e s i g n 4  fo r  t h e  Surveyor series, 

captaining components tested t o  withstand 3,000 G ' s  o r  more. 

had s c i e n t i f i c  instruments encased i n  a g isn t  ba lsa  "ping pong" ball capable of 

withstanding 2,5OO G-shock. However, t h i s  development of JPL and Philco Aeronu- 

t r o n i c  was  never checked out on t h e  moon because of mission failures. 

Early lunar  Rangers 

Poten t iaUy valuable c i v i l i a n  appl icat ions could arise from high-impact 

technology, t h e  JPL engineers say. 

recorders f o r  a . i rcraf t  and automobiles. 

equipment a l so  could be strengthened to reduce t h e  amount of parachuting and 

cushioning. 

One fu tu re  development may be b e t t e r  crash 

Air-droppable rescue and f ire-fighting 

-more- 
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Other possible uses: s turd ie r  o i l - f ie ld  and oil-well instruments, t e le -  

vision and other cameras, ta.pe recorders in general, t rans is tor  radioes, and even 

toys.  

-end - 

SPACE-TYPE SOCK: Stan Taylor, high-impact t e s t  engineer at Caltech's 

J e t  Propulsion Laboratory, and Warren Torris (cq), technician, inspect t h e  shattering 

effect  of a. space-simulating f i r i n g  of a 22-inch tes t  gun. 

projec t i le ,  called a sabot, was ripped apart i n  the  test, which equalled a force of 

7,400 G ' s .  The redwood backstop was impacted t o  an average depth of two  inches. 

The tests a re  a regular part  of the  JPL high-inrpact program t o  help the National 

Aeronautics and Space Administra.tion develap more rugged spacecraft and shock- 

res i s tan t  equipment f o r  lunar and planetary exploration. 

The 260-p-d aluminum 
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FOR RELEASE: Sunda.y, October 15,  1967 

J T L  DOUBLE VACUUM CHAMBER FREEZES MOLECULES I N  SPACE SIMULATION TESTS 

PASADENA, Cal i f . ,  --A double vacuum chamber which simulates the extreme 

e f f e c t s  of in te rp lane tary  space on spacecraft  has been developed by researchers 

a t  Caltech 's Jet Propulsion Laboratory. 

Called a Molsink chamber--Molsink i s  short  f o r  the  molecular sink of 

outer  space--this man-made simulator w i l l  s t r i v e  t o  determine exact ly  what happens 

t o  paint ,  components and even micro-organisms t h a t  might be hitch-hiking on a 

spacecraft .  

The new vacuum-within-a-vacuum captures the  t i n i e s t  gas molecules by 

f reez ing  them on the  walls of the  inner chamber a t  temperatures of 400 degrees 

below zero, Fahrenheit. 

1 Designed by James BeStephens of the  JTL Space Simulators and F a c i l i t y  

\ Engineering Section, the chamber is  rated capable of capturing 99.97 per cent  of 

all condensable molecules emanating from an i t e m  under t e s t .  

t o  test  a number of planetary spacecraf t  components f o r  fu ture  National Aeronautics 

and Space Administration projects .  

It w i l l  be used soon 

Conventional vacuum chambers have not been able  t o  pump or  capture more 

than a f rac t ion ,  r a r e l y  more than ha l f ,  of the gas molecules f ly ing  off a tes t  

ar t ic le .  

The guiding idea behind the double vacuum f a c i l i t y  i s  t h a t  "the permissive 

environment of space," t o  use Stephens' phrase, can be re-created under s t r ingent  

laboratory controls.  

-more - 
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During a spacecraft's flight, the active elements in space--particle and 

i radiation bombardment and friction--dislodge minute bits of even the hardest- 

finished surfaces and can cause breakdowns of equipment. 

but measurable, in the form of tiny molecules of gas. 

This loss is gradual, 

These fly off randomly into 

the great sink of space. I 

Space scientists believe the Molsink chamber gives them a reliable tool 

to measure and counteract the problem of spacecraft out-gassing. -..-..----- 

How did the JPL engineer build a better moltrap? 

The inner test chamber--the Molsink shroud--is an eight-foot-in-diameter 

sphere formed by wedge-shaped aluminum fins and cooled by super-frigid helium gas. 

The fluted aluminum shroud resembles a huge, shiny Japanese lantern. 

Fifty pairs of the metal fins, only 16-thousandths of an inch thick, are welded 

to aluminum cooling tubes shaped like giant hairpins. 

The sharply-angled fins afford greater surface area (2,000 square feet) 

for capturing molecules than either radial fins or smooth walls, Stephens says. 

Wedge fins also decrease the number of particles rebounding toward the test item 

in the center of the chamber. 

To impruve the sticking quality of the surface, the interior is coated 

with a chemically active titanium vapor. This is done by sublimation. At the 

bottom of the shroud an electron gun focuses its beam on a titanium rod. The 

resulting evaporation uniformly lines the moltrap. 

This chemical pumping is so effective that Stephens says up to 7 million 

liters of hydrogen per second, coming off a test item, could be chem-sorbed. Thus 

a small rocket engine may be fired in the Molsink and have all blast-out molecules 

captured on the walls, without damage to the facility. 

-more - 
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The test chamber is refrigerated by pumping the helium through the hair- 

pin tubes. 

degrees, F.) is needed to obtain the highest sticking rate of common gas molecules 

thrown off by test articles. 

A temperature of 21 degrees on the scientific Kelvin scale (-400 

This is nearing the absolute zero of -459 Fahrenheit. The moltrap 

requires 1,OOO watts of refrigeration at 21 degrees K for continuous periods of 

several months. 

Long test periods wlll simulate the actual flight time of spacecraft to 

planets--four months to Venus, seven months to Mars, for example. 

To measure the molecular flow, super-sensitive quartz crystal micro- 

balances were developed for the chamber. 

is precisely known. 

The frequency of these quartz crystals 

As particles are deposited on their surface, the frequency 

changes and the particles can be measured. These devices a l s o  are used to control 

the rate of titanium evaporation. 

The quartz crystal instruments are capable of measuring differences as 

fine as one-one-hundredth (1/100) of a single layer of water molecules. 

A double quartz-plate window enables technicians to observe what's 

happening in the test chamber. The outer quartz plate is one inch thick, the 

inner plate is about half that and separates the test vacuum chamber from the 

guard vacuum surrounding it. 

The outer chamber is 10 feet in diameter and 12 feet high. 

by two columns so that its bottom opening is 9 feet above the floor. 

It is supported 

Made of carbon 

steel with a stainless steel liner, it is designed so that all  welds and joints 

exposed to the test volume vacuum are guarded by the outer vacuum. 

A l l  connections in fluid or g a s  lines are made within the guard vacuum 

space. Thus the effect of a possible leak in the Molsink test chamber is greatly 

reduced. 

-more - 



-4- 

The outer chamber is cooled by liquid nitrogen to a slightly warmer 

temperature of about -320 degrees, F. 

The large Molsink is the result of four years of experimentation with 

smaller models. Currently under test in a small prototype vacuum chamber are 

spores-tinysingle-cell organisms--which could find their way onto spacecraft 

components. 

of life to try hitch-hiking in space--die off in a simulated space vacuum. 

Tentative results indicate spores--regarded as the most likely form 

Other factors which scientists wish to check out in JpL's cold or hot 

vacuums include the internal heat and bearing friction generated by a spacecraft 

in flight. 

The double-vacuum chamber is expected to be fully operational 

early in 1968, when test demands will be stepped up for the Mariner '69 (for 

Mars) program. 

-end- 



- 5- 

S T P E R - C O L  VACUUM CHAMBER: This aluminum wedge-fin sphere, resembling a highly- 
polished Japanese lan tern ,  is  t h e  l a t e s t  contr ibut ion t o  space vacuum technology 
a t  Cal tech 's  .Tet Propulsion Laboratory. T h i s  i s  t h e  inner  core of a double- 
vacuum chamber t h a t ,  w i t h  t h e  a id  of a t i t an ium e lec t ron  gun (at  bottom), f reezes  
molecules on t h e  chamber walls i n  space simulation tests. 
8,s 400 degrees belowzerq Fahrenheit, a r e  obtained i n  t h e  Molsink chamber, so 
ca l led  becuase it reproduces t h e  molecular s ink  phenomenon of outer  space. 
chamber was b u i l t  a t  JPL f o r  t e s t i n g  what can happen t o  a spacecraft  i n  f l i g h t  
on planetary missions of t h e  National Aeronautics and Space Administration. 

Temperatures a s  l o w  

The 
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375-967 B 

STPER-COOLING GUN: James Stephens, engineer, makes f i n a l  adjustments on t h e  ti- 
taniumelectron gun which cools t h e  double-vacuum space simulation chamber he 
designed f o r  Cal tech ' s  J e t  Propulsion Laboratory. 
reduces temperatures t o  400 degrees below zero, Fahrenheit, i n  t h e  chamber. 
chamber is  ca l led  a Molsink, because it recrea tes  t h e  molecular s ink  of outer  
space. 
molecules which escape from spacecraf t  p a r t s  under vacuum conditions.  
was built a t  JPL t o  t e s t  what can happen t o  a spacecraf t  i n  f l i g h t  on planetary 
missions of t h e  National Aeronautics and Space Administration. 

The t i tanium sublimation process 
The 

On these  super-cold walls, testers such a s  Stephens a re  able  t o  t r a p  gas 
The chamber 
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NOTE TO EDITORS: 

The Mariner V spacecraft w i l l  fly-by the planet Venus Thursday 

morning, October 19. 

with the point of closest approach occurring at 10:34 a.m., PDT. 

The encounter sequence will begin at 9:30 a.m., PDT, 

The en- 

counter sequence w i l l  end at 11:49 a.m. when the spacecraft's tape recorder is 

turned off. 

Read-out of the tape recorder and transmission of science data 

back to earth w i l l  require another 48 hours. 

of 14 hours before the playback begins and 34 hours for the taped data to 

This covers a waiting period 

be transmitted. 

A pre-encounter briefing by Mariner/Venus project officials w i l l  

be held at 2:OO p.m., PIE, Wednesday, October 18, at the Von Karman Auditorium 

at JPL, 4800 O a k  Grave Drive, Pasadena, California. 

Press conferences to follow encounter will cover engineering aspects 

of the fly-by and scientific data that was reported in real-time from the 

spacecraft and not stored on tape. These conferences will be held at JPL 

and will be announced in advance to allow planning for coverage. 

The press room w i l l  be open in the Von Karman Auditorium at 8:oo 

a.m., PDT, Wednesday, October 18. 

The following public information people will be available: 

Home Phone Press Room Phone Office Phone 

Frank Colella 790-1652 3 54- 6400 354-5011 

Frank Bristow 790-5140 3 54- 64.00 354-5011 

Bob Mac Millin 790-7849 354-6400 354-5011 

Alan wood 35 5-1814 3 54 - 64-00 354-5011 

Fr 
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FOR RELEASE: A.M.'S of Sundsy, October 29, 1967 

PASADENA, C a l i f .  -- D r .  W i l l i a m  H. Pickering, Director  of Cal tech 's  

Jet  Propulsion Laboratory, today announced the  appointment of R e d  H. Felberg 

t o  the  new pos i t ion  of Ass is tan t  Laboratory Director  for Plans and Programs. 

Jack N. James, Deputy Assis tant  Director  of JPL f o r  F l igh t  Projects ,  

has been named t o  Felberg 's  former pos i t ion  as Assis tant  Laboratory Director 

f o r  Technical Divisions. 

D r .  Pickering said Felberg w i l l  be responsible f o r  planning JPL's 

t o t a l  program, including, i n  addi t ion t o  the  technica l  program, t h e  e f f ec t ive  

d i s t r ibu t ion  of manpower and resources. 

James, he said, w i l l  be responsible f o r  t he  e f f i c i e n t  u t i l i z a t i o n  

of the Laboratory's t echnica l  resources i n  meeting i t s  r e spons ib i l i t y  f o r  t he  

unmanned exploration of the  moon and p lane ts  f o r  t h e  National Aeronautics and 

Space Administration. 

Felberg, a nat ive of Los Angeles, received a B. S. degree i n  

mechanical engineering i n  1942 and an M. S. i n  aeronautics i n  1945, both from 

Caltech. 

Division and w a s  appointed Assis tant  Laboratory Director  f o r  Technical Divisions 

i n  1964. 

He joined JPL i n  1960, served as manager of t he  Engineering Mechanics 

Earlier,  he was Associate Director of the  Southern Cal i forn ia  Cooperative 

Wind Tunnel a t  Caltech and a l e c t u r e r  i n  aeronautics a t  the  Ins t i tu te .  

James, born i n  D a l l a s ,  Texas, w a s  graduated from Southern Methodist 

University i n  1942 with a B. S. i n  e l e c t r i c a l  engineering and received h i s  

M.S.E.E. from Union College i n  1948. He served with the U. S. N a v y  during 
-more - 
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World War I1 and worked with General E lec t r i c  and RCA from 1945 t o  1950 

when he joined JFL. P r io r  t o  his  appointment i n  1965 as Deputy Assis tant  

Laboratory Director f o r  F l igh t  Projects ,  James w a s  manager of t he  Mariner 

Venus and Mariner Mars projec ts  which resul ted i n  t he  f i r s t  successful 

exploration of t he  two planets  i n  1962 and 1965, respectively.  

Felberg res ides  i n  Altadena, Cal i fornia ,  with h i s  wife, Jean, and 

t h e i r  th ree  children. Jmes, h i s  wife, Ruth, and t h e i r  four  chi ldren 

l i v e  i n  La Canada, Cal i fornia .  

# #  

460- -10/24/67 
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FOR RI"1SEASE: Sunday, December 10, 1967 

JPL MINI-RECORDING RESEARCH PRODUCES PIN-POINT DATA STORAGE 
TECHIVIQUE USING LASER AND SPECIAL MAGNECIC FILM 

PASADFNA, Calif.--Someday spacecraft to the Moon or Mars may store 

data for 500 photographs on a one-inch square strip of magnetic film. 

computers aboard these spacecraft may retain ten million bits of scientific 

information per square inch of film. 

And 

These probabilities loom bright with a development in microscopic or 

mini-recording achieved by two research= at Caltech's Jet Propulsion Laboratory. 

Dr. Dimiter I. Tchernev and Dr. George W. Lewicki have succeeded in recording 

magnetic spots or "bits" with diameters smaller than one micron, or forty 

millionths of an inch, on thin films of manganese bismuthide. 

The recording method, which employs the pulsed light beam of a laser, 

has proven the film can retain several hundred times more data than is generally 

stored on present magnetic film or  tape. 

The JPL project for the National Aeronautics and Space Administration 

has yielded, in the words of the researchers,"what we believe to be the smallest 

magnetic bits of information ever recorded." 

a j ou rna l  of the Institute of Electrical and Electronics Engineers. 

They report on their work in 

Suceess of the laser-magnetic film process may lead to a substantial 

reduction in the size of computers needed on long-range planetary missions. 

Used in conjunction with television cameras, Tchernev says, it would store 

one thousand times as many pictures as the present video tape method used 

for lunar and planetary photography. 

(more) 
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The wr i t ing  i s  done with a pulsed ruby l a s e r  similar t o  the type used 

Laser i s  an acronym f o r  L i g h t  by eye surgeons t o  "spot-weld" detached r e t inas .  

Amplification by Stimulated Emission of Radiation. 

The laser beam i s  focused on the f i l m  through a microscope and reduced 

A micron (one-thousandth of a mil l imeter  or  40-millionths of an t o  micron size.  

inch) i s  barely a pinpoint t o  the human eye. 

heat  spots  t o  360 degrees, Centigrade, (680 degrees, Fahrenheit)  and no more. 

reducing the beam strength s l igh t ly ,  the  researchers  recorded spots  only a 

half  -micron wide .  

Laser in t ens i ty  was regulated t o  

By 

Mini-recording technique relies on what e l e c t r i c a l  engineers call 

Curie-point wri t ing.  This involves momentarily heat ing a sect ion of magnetized 

manganese bismuthide. Curie-point is  named f o r  P ier re  Curie, French s c i e n t i s t  

who discovered t h a t  magnetization vanishes a t  high temperatures. 

As a heated spot cools, the d i r ec t ion  of i t s  magnetization i s  reversed 

by cooler port ions of f i lm around it. A t  t h a t  moment, a b i t  of data can be mag- 

neto-printed,  so  t o  speak, on the  f i lm.  

Extra- thin f i lm  i s  used f o r  the recording. It i s  only TOO a n g s t r m s  

thick--7/100,000 of a millimeter, o r  3/lOO,OOO of an inch. 

under vacuum, with manganese and bismuth being evaporated i n  t h a t  order i n t o  a 

mica base. The process turns  out one f i lm s t r i p  every four  days, but  i s  being 

stepped up t o  produce 1 2  samples i n  t h a t  period. 

The f i l m  is  produced 

The recorder b i t s  of information we viewed with the  a id  of two polar iz ing 

c rys t a l s ,  Polaroid l i g h t  and a microscope with an enlargement power of 500. 

Depending on the  s e t t i n g  of the  c rys ta l s ,  the  b i t s  are seen e i t h e r  as black spots  

on a white background, o r  white on black. 

Portions of the  f i lm show l i g h t  o r  dark depending on t h e i r  magnetization. 

(more ) 
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This i s  i n  accordance w i t h  the m a g n e t i c  r o t a t ing  principle ca l l ed  the Faraday 

e f f ec t ,  named for  i t s  discoverer, Michael Faraday. 

Magnetic f i lm has an important advantage over photographic film, 

according t o  the researchers. 

erased a t  w i l l  and wri t ten over, i f  necessary. B i t s  can be wiped out and new 

data printed i n  their  places by a l t e rna te  heating and cooling. 

Information recorded on magnetic f i lm can be 

With fur ther  development, the laser-magnetic f i lm technique could 

s igni f icant ly  reduce the s ize  of many computers. The JPL s c i e n t i s t s  say one 

square inch of magnetic fi lm could hold all information contained i n  computer 

memories now bulking ten cubic f e e t .  A memory, i n  computer parlsnce, i s  the 

re ten t ive  component that s tores  data the cmputer  needs t o  solve a problem. 

Additional experiments are under w a y  a t  JPL t o  develop a fu r the r  

understanding of the Curie-point technique for spacecraft  applications.  Magnetic 

information storage is one of NASA's strong cantinuing i n t e r e s t s .  Present 

funding f o r  the Jet Propulsion Laboratory contract  i s  $175,000 a year. 

D r .  Tchernev is current ly  on one-year leave from JPL, teaching i n  

the University of Texas e l e c t r i c a l  engineering department. D r .  Lewicki will 

head the experimental staff i n  h i s  absence. The work i s  being done fo r  the JPL 

Guidance and Control Dixision. 

463- 11/29/67 

MJM-WORDING: D r .  Dimiter I. Tchernev looks 
ment as D r .  George W. Lewicki inserts mannetic 

P 8296 I 
through microscope of l a s e r  ins t ru-  
film f o r  t e s t  of t h e  miniature 

recording technique which they have deveioped at Caltech'e Jet Propulsion Lab- 
oratory. 
magnetic f i lm t o  record several  hundred times more data than can presently be 
stored on comparable size tape or film. Insert at lower l e f t  s h m  film disc, 
less than an inch I n  diameter, on which several  million b i t s  of s c i e n t i f i c  
information can be imprinted by t h e  laser beam. The process could lead t o  
eubstantial reduction in size of computers needed aboard planetary spacecraft 
and vastly incredse the mount of data and nuniber of pic tures  t h a t  can be stored 
i n  those computers. Tbie JPL research development WELB conducted for the N a t i o n a l  
Aeronaut i ce  and Space Administ  rat ion. 

, 

D r s .  Tchernev and Lewicki use a ruby laser l i g h t  beam and spec ia l  

I 

* . ... . 
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FOR DDEDIATE RELEASE January 24, 1968 

PASADENA, California--Rear Admiral John E. Clark, USN (Ret.) ,  has been 

named deputy d i r e c t o r  of t h e  J e t  Propulsion Laboratory of the  Cal i fornia  I n s t i t u t e  

of Technology, it w a s  announced today- by D r .  W i l l i a m  €1. Pickering, JPL d i rec tor .  

Adm. Clark will assume h i s  new d u t i e s  on February 19. 

Concluding a distinguished naval career,  Acim. Clark retired.  last  

September. 

S a  Francisco, s ince September, 1965. 

H e  w a s  cornandant of t h e  TrJelfth Naval D i s t r i c t ,  with headquarters i n  

Adm. Clark's e-uperience i n  research and development began i n  1935 when 

he w a s  assigned to t h e  Experirnental Ai rcraf t  Division of t h e  Norfolk, Vii-ginia, 

Naval A i r  Stat ion.  From 1947 t o  1949, he w a s  chief of t h e  Air Objectives Section 

i n  the  Office of t h e  Assistant Chief of Naval Operations. He w a s  tine Navy nember 

on the staff of t h e  Director of Guided Missiles i n  the  Office of t h e  Secretary of 

Defense during 1952 and 1953. 

I n  1954, he becane coimander of t h e  Maval Air Missile Test  Center at 

Point Iilugu, California,  and the  fol loxing year was nmed Director of Guided Missiles 

i n  t h e  Office of t h e  Chief of Naval Operations. 

Adm. Clark was apFointed deputy d i r e c t o r  of the Advanced Research Pro- 

j e c t s  Agency, Depsrtnicnt of Defense, i n  1.958. 

Elugu, serving as comander of t h e  Pac i f ic  K i s s i l e  Range u n t i l  Septexber, 1965. 

€:e returned i n  1961 t o  Point 

A nat ive of Atchison, Kansas, Adm. Clark w a s  graduated from t h e  U. S. 

Detached from sea  duty i n  1931, he 

received f l i g h t  t r a i n i n g  at  t h e  Maval A i r  Stat ion,  Pensacola, Florida,  and vas 

redesipa- ted Nrzve3. Aviator. 

.c;aval Academy and cormilissioned Ihsign i n  1927. 
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Following World War 11, Adm. Clark 's  assignments included commanding 

o f f i ce r  of the aircraft carr ier ,  USS Wright. He commanded C a r r i e r  Division 

Sixteen from 1959 t o  1961. 

Adm. Clark i s  married t o  t h e  former h e l i e  Largue of Pensacola. They 

have a son, Jack Lmgue Clark. 

home from San Francisco t o  the  Pasadena a rea ,  

Adm. and Mrs. Clark cu r ren t ly  are moving t h e i r  

446-1-24-68 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
PASADENA, CALIFORNIA TELEPHONE 354-5011 

FOR RELEASE: Sunday, April 21, 1968 

PASADENA, California--Despite the blazing California sun, there is a 

small corner of Caltech's Jet Propulsion Laboratory that i s  forever Antarctica. 

In a small walk-in freezer laboratory, simulated Antarctic cold--down 

to 22 degrees belov zero, Fahrenheit--keeps Antarctic soil acclimated. Here more 

than a ton of dirt is kept in hibernation by Dr. Roy E. Cameron and his JPL 

Soil Sciences Group. 

This week Dr. Cameron and his colleagues received another half-ton of 

soil from 'way down under, collected during the 1967-68 Antarctic summer. This, 

along with many samples they dug in 1966-67, w i l l  be tested and cultured to see 

what types of microorganisms live in extreme cold. 

The JPL team is seeking clues to help m a n  determine someday vhat, if 

anything, grows on Mars. The studies are sponsored by the National Aeronautics 

and Space Addnistration and the National Science Foundation. 

Thus far, experiments show that Antarctic soil kept laboratory-frozen 

more than a year can be made to grow bacteria, yeasts, molds and algae within two 

weeks ,;hen subjected to room temperature--68 degrees or above, 

more slowly at temperatures just  above freezing. 

They a l s o  grow 

The JPL soil samples came from high, dry valleys in Victorialand near 

the United States base at McMurdo. Some were taken from the surface, others, six 

to 12 inches deep. 

This year, Dr. Cameron and two assistants used a jackhammer to dig samples 

from the permafrost as deep as two feet, where they found an abundance of micro- 

organisms. 

, . -  

-more- 
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"If there  i s  permafrost on Mars," the  JPL s c i e n t i s t  says, "the chances 

of l i f e  w i l l  be increased." 

I n  some Antarctic s o i l s ,  the  number of microorganisms almost doubles 

i n  t he  permafrost. The frozen layer  preserves so i l  bacter ia ,  some qui te  ancient .  

If the  subsurface s o i l  occasionally thaws, t he  released water aids t h e i r  growth. 

D r .  Cameron's Antarctic a s s i s t a n t s  t h i s  year were Dr.Jonathan King and 

Charles David of t he  Caltech biology department. 

and conduting s o i l  and microbiologgy t e s t s  i n  t he  McMurdo Sound area during the  

Antarctic summer season, re turning home recent ly .  

They spent two months digging 

I n  1966-67, D r .  Cameron w a s  a s s i s t ed  by Howard Conrow, technician i n  the  

JPL S o i l  Science Laboratory. 

Cameron and Conrow b u i l t  the  walk-in f reezer  l a b  addi t ion from a converted 

The super-cooled ( s i x  f a n s )  12 x 20-foot box keeps samples Navy r e f r ige ra t ion  un i t .  

a t  t h e i r  nat ive temperetures u n t i l  t h e  s c i e n t i s t s  are ready t o  put them t o  the  

growing t e s t .  

depending on the  sun's heat on the  f l a t  roof. 

thick.  

Minimum temperature inside va r i e s  from -15 t o  -22 degrees (F) 

Walls and ce i l i ng  a re  about s i x  inches 

The s o i l  s c i e n t i s t s  don parkas and full Antarctic gear whenever they go 

i n t o  the box t o  work. Samples a re  weighed, s i f t e d  and cataloged there .  D i r t  i s  

carefu l ly  kept i n  labeled bags, bo t t l e s  and v i a l s  u n t i l  ready f o r  tes t ing .  

Hundreds of samples are  under cul ture ,  thousands more w i l l  be within months. 

The work probably will be continuing r i g h t  up t o  the  t i m e  t h e  

United S ta t e s  lands a s o i l  sampler and begins digging on supposedly f r i g i d  Mars 

sometime i n  the  1970's. 

even more sophis t icated than those aboard several  Moon Surveyors. 

S c i e n t i s t s  hope t o  make Mars s o i l  diggers and analyzers 

-more- 
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About 100 pounds of Antarctic s o i l  a l s o  vas shipped t o  NASA’s Lunar 

ReceivingZaboratory a t  Houston f o r  comparison with t h e  f i rs t  Moon samples t o  

be brought back by Apollo astronauts.  

What r e s u l t s  have been obtgined from the  Antarctic s o i l  thus far? 1 
*__-- 

Seven types of microorganisms l ive ,  i f  not f l ou r i sh ,  i n  the  so-called 

dry va l leys .  Three are i n  the  b a c t e r i a l  group, Four a re  i n  the  algae family. 

These are among t h e  smallest microflora (sub p lan t  l i f e )  ye t  discovered on Earth-- 

being only a micron--1/25,000th of an inch--in diameter. 

As many, i f  not more, microorganisms were found below the  surface, 

e spec ia l ly  a t  the  level  of hard, i c y  permafrost, as a t  the  surface. Subsurfacc 

b a c t e r i a  a r e  generally nonpigmented. 

surface.  Pigment p ro tec t s  them from adverse rad ia t ions .  

Colored bac te r i a  were usually found a t  the  

The ice-desert  of Antarctica has Less l i f e  than any dese r t  soil y e t  

invest igated on Earth. 

Cameron and D r .  Norman H.  IIoror.itz, JPL bioscience section manager !+io 

suggested the  Antarctic s tud ies ,  believe they T r i l l  help s c i e n t i s t s  t o  decide what 

type of l i f e -de tec t ion  equipment should be sen t  on a Mars lander.  D r .  IIorouitz 

says t h e  s tud ies  a l s o  w i l l  provide re levant  information on spacecraft  quarantine 

and s t e r i l i z a t i o n  problems. 

On t h e  Mariner 1369 Mars txiin spacecraft ,  only fly-by experiments will 

be performed. 

by the  U. S. i n  t h e  next decade. 

However, NASA and JPL s c i e n t i s t s  hope a Mars landing w i l l  be achieved 

1 ’  .- - ... 
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OFFICE OF PUBLIC INFORMATION 
JET PROPULSION LABORATORY, CALIFORNIA INSTITUTE OF TECHNOLOGY 
NATION& AERONAUTICS AND SPACE ADMINISTRATION 
PASADENA, CALIFORNIA. TELEPHONE 354-5011 

FOR RnEASE: AM' s OF TUESDAY, APRIL 23, 1968 

A model of a wheel-shaped planetary landing craft, sterilized by heat and 

dropped from an altitude of 250 feet, has operated successfully after impacting the 

ground at 80 miles per hour. 

The test, conducted recently by the Jet Propulsion Laboratory fo r  NASA, 

was a major step in a research and development program to demonstrate the feasibility 

of sending a lightweight scientific landing capsule to Mars in the near future. 

For a simulated Martian surface, JPL engineers selected the "hardpan" bed 

of a dry lake near the Goldstone Space Communications Complex in California's Mojave 

Desert . 
The 63$-pound lander was released from a hovering helicopter and allowed 

In the thin atmosphere of Mars, the lander would be to free-fall to the lake bed. 

slowed to the same velocity by a 20-foot parachute. 

test. 

No parachute was used in the 

Thirty seconds after the lander struck the surface, its radio transmitter 

turned on and operated for a scheduled 20 minutes. At impact plus three minutes, a 

tiny anemometer--wind velocity detector--deployed automatically from the lander at 

the end of a four-foot telescoping metal instrument boom. 

A wind measurement is one of the prime experiments under consideration for 

initial planetary landing missions. 

temperature, water vapor and low-mass atmospheric constituents. 

Others include investigation of surface pressure, 

-more- 
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Following a mission profile identical to projected Mars surface operations, 

the lander's radio turned on again 22 hours after the initial transmission (when the 

Earth would again be in vie::). 

f o r  another 40 minutes to conclude the test. 

Signals from the three-watt transmitter were received 

The lander made a stable fall striking the lake bed on its flat bottom 

side. It bounced several inches and left a two-inch depression in the ground. 

Resembling an automobile tire and wheel, the 22-inch diameter lander was 

protected on all surfaces by balsa wood, which absorbed the greater portion of the 

landing shock. Examination of the balsa after the test showed a predicted amount of 

crushing. 

The anemometer, which spun freely in the desert gusts at Goldstone, con- 

sisted of three cone-shaped collapsible metal cups. The instrument boom supporting 

the anemometer sprang from its stovage compartment near the hub of the "wheel." 

The land-er '.;as pot:ered by a 12-cell silver-zinc battery, the first knotm 

to survive both heat sterilization and high-velo-ity impact. 

Because of planetary quarantine requirements, the entire lander system was 

sterilized by heating it f o r  24 hours at a teaperature of 257' F. 

On a Mars mission the lander, combined with an atmospheric entry probe, 

would separate frorn an interplanetary spacecraft in the vicinity of the planet. Aero- 

dynamic braking and protection against frictional heating wmld be provided be a 

ephere-cone aeroshell . 
As velocity slows to near-sonic speeds, the lander would separate from the 

capsule and parachute to the surface. The lander transmits directly to Earth for a 

20-minute period. Its three-watt radio signal can be received across the Mars-Earth 

distance by a super-sensitive receiver coupled to the 210-foot antenna at Goldstone. 

-more - 
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The landing craft's data handling system stores science and engineering 

measurements during the folloving 22 hours for transmission to Earth when the 

communications link is re-established for a 40-minute period. A l l  lander events 

occur automatically by initiation from an internal sequencing and timing system. 

The Goldstone test was based on several years of' research at JPL in the 

areas of high-impact design techniques, heat sterilization of sensitive electronic 

equipment, packaging and minaturization. 

The project vas managed by John H. Gerpheide in JPL's Project Engineering 

Capsule system engineer vas Kane Casani and the test cond-uctor was Wally Division. 

Castellana. Hardware was developed by the Laboratory's technical divisions. 

JPL is operated for NASA by the California Institute of Technology in 

Pasadena, California. 
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J e t  Propulsion Laboratory engineers examine wheel-shaped planetary landing c r a f t  a f t e r  it 
had survived hea t  s t e r i l i z a t i o n  and high-velocity impact on Goldstone Dry Lake i n  Calif- 
o r n i a ' s  Mojave Desert. The 63 1/2-pound lander ,  cushioned by balsa wood, was dropped 250 
fee t  from a hovering he l i cop te r  and s t ruck  t h e  ground a t  an 80-mile-per-hour velocity,  
leaving a two-inch depression i n  the  lake bed. Lander automatically deployed anemometer 
(spinning cups atop instrument  boom) and switched on i t s  rad io  transmitter after impact. 
Test, conducted by JPL f o r  NASA, demonstrated f e a s i b i l i t y  of sending instrumented landing 
c r a f t  t o  Mars. 
Castellana.  

Engineers are (from l e f t )  Kane Casani, John H .  Gerpheide and Wally 
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Wheel-shaped planetary landing 

A 

craft operates successfully on dry lake bed where it impacted 
the ground at 80 miles per hour in a test to demonstrate feasibility of sending instrumented 
payloads to land on Mars. 
antine requirements and dropped 250 feet from a helicopter onto Goldstone Lake in California's 
Mojave Desert. Balsa wood covering absorbed most of landing shock. Spinning cups atop 
telescoping boom comprise anemometer--wind velocity detector--one of a number of instruments 
under consideration for initial planetary surface experiments. Test was conducted for NASA 
by the California Institute of Technology Jet Propulsion Laboratory, Pasadena, California. 

Lander was sterilized by intense heat to satisfy planetary quar- 

. . -  
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CALIF Or?. VI A INSTITUTE OF TE? IQ<oLoGY 

795-6041 Ext. 2327 ~ai-7171 

VI!: FEI,r2AT,g--S~DAY,  MAY 12 I qb 

Pasadena, Calif. -- mtters from American Presidents, 

cpt - r inb lcd  laboratory notes and diaries  and other personal papers 

0 1 '  famous scientists are now being collected, catal.ogued and 

1 i 1 - d  a s  part of an archives program at the California Institute 

cf Technology. 
_ -  

" O u r  goal' is to preserve these important papers for  scholars 

+ I ' .  future generations," said Dr, Daniel J. Kevles, assistant 

i#1.( i.nssor Of history. "Man makes science, and these papers record 

1.1:~ pxcitement, the groping, the controversies and the politics 

or: i1 fascinating human enterprise, I' 

Kevles, who started work on the documents two years nqo, 

* J ~ i ~ ~  papers belonging to the late Dr. Robert A. Mil l ikan ,  the 

Yrdwl  laureate who served as administ.rative head of Caltcch for 

' ? d l  yc'ars, and the late Dr. George Ellery Hale, founder of the 

(more) 
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i.lt. Wilson and Paloaar Obaervatories and 008 cf the  crcators c ~ f  

iiix1erii Caltech, have been catalogued and arc now available tor 

LISP hy c p a l i f  ied scholars .  

Kevles added that  work i s  now under way on the i7Jpers Of 

C11c l a t e  Dr. Theodore von Karman, the famed Caltech professor 

L): . v rmJ2: i t ;cs  who hel.ped Foui;d C r i l t c ~ h ' ~  Jot Propuf310n 

L,ciboratory. T h e  task i s  under the d i r e c t i o n  of Mrs. Judy 

Goodstein, a Ph.D. in the h i s t o r y  of science, w h o  superviscls the 

. irchival work. 

_- 

The Hale papers have been publishcd i n  microfilm under a 

grant from the National His tor ica l  Publications Commission. 

'We filmed about 1@9,000 pages," Gr. Kevles said. "The 

things we didn' t  f i l m  -- such as meeting minutes and some business 

records -- are e i t h e r  ava i lab le  elsewhere or weren't considered 

t.oo important. I' 

. Kevles sa id  the Hale papers are owned by t h e  Carncg1.e 

I n s t i t u t i o n  of Washington and are i n  Cal tcch's  care u n t i l  a new 

11 e ad qu a r t  e r s 

campus. The 

f,iltc?ch. 

"Many 

for the observatories i s  b u i l t  on the Caltech 

observatcries are operated jo:ntl:r by Carneqia and 

of these documents, especially t h o  IIak papers, ax(? 

informative about the  kind of p o l i t i c a l  troubles that have bcmt  

(more) 
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:>cience in the twentieth century, I' Kevles said. 

"For example, Hale, who created tho National Research 

Council  during the First World War, tried to extend it to the 

13ternatiOnal level w i t h  the International Research Council, tho 

Farent of today's International Council of Scientific Unions. 

"Allied scientists w e r e  determined to exclude Central  

L ' G w r s  scientists from momberslJl>. Thu formation of the 

international council bespeaks the f irs t  catastrophic breakdown 

of the international scientific community after the Napoleonic 

era, I' 

Kavles explained that Hale "was in the center of it a l l ,  

caught in the vengefulness of the Allied scientists, h i s  own 

bitterness against German scientiets and the political 

commitments of President Woodrow Wilson." 

"There are severa l  letters i n  the files from President 

Wilson. The President made it a point to differentiate between 

the German people and their leaders,  exempting the people f rom 

rqsponsibility for the crj.mes of the Kaiser. 

"But Al l i ed  scientists -- includbg rlale -- declined t o  

makc this differentiation, 'I Kevles continued. "The A l l i ' c n  

insisted they couldn't meet w i t h  their former sncmics until thc 

German scientists renounced the 'barbarous' practices of the i r  

country. 
(more) 
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"Hale was aeeking President Wilson's support for the 
_ .  _- - 

Lnt ernational Researeh Councii,- but  the  president re fused  to 

cornmir himself for fear it would jeopardize his own e f f o r t s  for  

7 -ace and the League of Nations." 

There a m  also letters in the files from Albert Einstein, 

was on the Caltech faculty in the early 1930s. Einstein, 

#,lid Kcvles, "was one of the few German scientists who opposed 

t , I c ?  w a r .  But when he visited the United States  in 1921, many 

American a c i e n t i s t e  considered h i m  an agent of German propaganda 

and insisted he be given no official recognition by such agencies 

as the National Academy." 

The Millikan papers, which include eight boxeR of 

Photographs, letters f r o m  famous statesmen and scientists, p l u s  

personal itenla, are now in the new Millikan Library. With the 

addition of the von Karman papers, the archives facilities are 

archives will be placed permanently in a large room in what is 

now the Gate8 Laboratory of Chemistry. 

-0- 



OFFICE OF PUBLIC IhE'ORNATION 

NATIONAL AERONAUTICS AXD SPACE ADMINISTRATION 
PASADENA , CALI%O€UIP.. TELEPHOTm 354-5011 

' JET PROPULSION LABORATORY , CALIFORNIA INSTITUTE OF TECHDJOLOGY 

FOR 11.IEDIATE HELEASE: TUESDAY, MAY 28, 1968 

A h e a t - s t e r i l i z e d  p l a n e t a r y  landing  c r a f t  w i l l  be  dropped from a n  

a l t i t u d e  of 250 feet onto  an a s p h a l t  s u r f a c e  i n  a Jet Propuls ion  Laboratory 

test  on Tuesday, May 28. 

The tes t  w i l l  be a major s t e p  i n  a r e sea rch  and development program 

f o r  t h e  Nat iona l  Aeronaut ics  and Space Adminis t ra t ion  t o  demonstrate t h e  

f e a s i b i l i t y  of sending a l igh tweight  s c i e n t i f i c  l and ing  capsule  t o  Mars i n  

t h e  nea.r f u t u r e .  

For a s imulated Martian sur face ,  JPL engineers  s e l e c t e d  an a .sphal t  

roadway nea r  t h e  Goldstone Space Communications Complex i n  C a l i f o r n i a ' s  

Majave Desert. I n  a t es t  conducted last  A p r i l  4, t h e  l a n d e r  operated s u c c e s s f u l l y  

a f t e r  a drop from t h e  same a l t i t u d e  onto t h e  bed of a d r y  l a k e  a t  Goldstone. 

The 63S-pound l ande r  w i l l  be r e l eased  from a hovering h e l i c o p t e r  and 

allowed t o  f r e e f a l l  a t  80 m i l e s  p e r  hour t o  t h e  roadway. 

where t h e  atmosphere i s  about 200 times t h i n n e r  t h a n  E a r t h ' s ,  t h e  l a n d e r  would be 

On a mission t o  Mars, 

slowed t o  t h e  sane v e l o c i t y  by a 20-foot parachute .  No parachute  will be used 

i n  t h e  t e s t .  

T h i r t y  seconds af'ier t h e  l ande r  s t r i k e s  t h e  road, i t s  r a d i o  t r a n s m i t t e r  

w i l l  t u r n  on and ope ra t e  f o r  a scheduled 20 minutes.  

a t i n y  anemometer--wind v e l o c i t y  d e t e c t o r - - w i l l  deploy au tomat i ca l ly  at t h e  end 

A t  impact plus t h r e e  minutes, 

of a four - foot  t e l e scop ing  metal instrui ient  boom. 
. .  
A wind measurement i s  one of  t h e  prime experiments under cons idera t ion  

f o r  i n i t i a l  p l a n e t a r y  landing  miss ions .  Others inc lude  i n v e s t i g a t i o n  f o r  s u r f a c e  

p re s su re ,  temperature ,  water  vapor and low-mass atmospheric c o n s t i t u e n t s .  

- .  ... - 
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P a r t  of t he  s imulated Mars mission w i l l  be speeded ~p f o r  t h i s  t e s t .  

The three-watt  r a d i o  w i l l  t u r n  i tself  o f f  a t  20 minutes a f t e r  touchdoim and on 

aga in  about 20 minutes l a t e r  f o r  a second b r i e f  t r a n s m i t t i n g  per iod t o  conclude 

t h e  t es t .  

a f t e r  which t h e  E a r t h  would aga in  be i r L  vieir  of t h e  l a n d e r ' s  antenna. 

During an a c t u a l  mission, t h e  rad io-of f  t i m e  would be about 22 hours,  

Resembling an automobile t i r e  and wheel, t h e  22-inch-diameter l ande r  

is  pro tec ted  on a l l  s u r f a c e s  by b a l s a  wood, which absorbs t h e g r e a t e r p r o t i o n  

of landing  shock. 

The anemometer c o n s i s t s  of t h r e e  cone-shaped c o l l a p s i b l e  metal cups.  

The instrument  boom suppor t ing  t h e  anemometer s p r i n g s  from i ts  stowage compartment 

n e a r  t h e  hub of t h e  "wheel." 

The l a n d e r  i s  powered by a 1 2 - c e l l  s i l v e r - z i n c  b a t t e r y ,  t h e  f irst  known 

t o  su rv ive  both hea t  s t e r i l i z a t i o n  and h igh -ve loc i ty  impact. 

Because of NASA's p l a n e t a r y  quarant ine  requirements,  which must be met 

on an a c t u a l  mission,  t h e  e n t i r e  l a n d e r  system has been s t e r i l i z e d  by hea t ing  it 

f o r  24 hours a t  a temperature  of 257OF. 

On a p l a n e t a r y  mission, t h e  l a n d e r  would be c a r r i e d  t o  Mars on a 

Mariner-class  spacec ra f t  probably launched by an Atlas-Centaur  rocke t  combination. 

The l a n d e r  combined wi th  an atmospheric e n t r y  probe would s e p a r a t e  from t h e  Mariner 

i n  t h e  v i c i n i t y  of t h e  p l a n e t .  

f r i c t i o n a l  hea t ing  i s  provided by a @?foot sphere-cone a e r o s h e l l .  

Aerodynamic braking and p r o t e c t i n g  a g a i n s t  

A s  t h e  v e l o c i t y  slows t o  near-sonic  speeds,  t h e  l a n d e r  i s  separa ted  

from t h e  remainder of t h e  capsule  and parechutes  t o  t h e  su r face .  The lander  t r a n s -  

m i t s  d i r e c t l y  t o  Ea r th  for a 20-minute pe r iod ,  I t s  three-wat t  r a d i o  s i g n a l  can be 

received ac ross  t h e  Mars-Earth dis tar ice  by a supe r - sens i t i ve  receiver coupled t o  

t h e  210-foot antenna a t  Goldstone. 

. -  

-more- 
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The landing  c r a f t ' s  da t a  handl ing system s t o r e s  sc i ence  and engineer ing  

measurements dur ing  t h e  fo l lowing  22 hours f o r  t ransmiss ion  t o  Ea r th  when t h e  

communications l i n k  is re -e s t ab l i shed  f o r  a 110-minute pe r iod ,  A l l  l a n d e r  events  

occur  au tomat i ca l ly  by i n i t i a t i o n  from an i n t e r n a l  sequencing and t iming  system. 

Major d i f f e r e n c e s  between t h i s  t es t  and t h e  drop tes t  conducted on 

A p r i l  4-5 are: 

1. 

2. 

3. 

4. 

The drop  on a spha l t  w i l l  produce a d e c e l e r a t i o n  load  of about 

2500 G ' s  compared wi th  1250 t o  1300 G ' s  on t h e  d r y  lakebed.  

v e l o c i t y  w i l l  be about t h e  same--80 miles p e r  hour .  

Time cyc le  o f  t h e  mission p r o f i l e  w i l l  be compressed from 22 hours 

t o  about one hour so  t h a t  t h e  e n t i r e  t e s t  w i l l  be  completed one 

hour a f t e r  t h e  drop. 

A s i m u l a t e d  da t a  system, which d id  not f l y  i n  Apr i l ,  w i l l  be tested 

f o r  t h e  f irst  time. (Performance of t h i s  system w i l l  not  be assessed 

u n t i l  t h e  l a n d e r  i s  re turned  t o  JPL.) 

The e n t i r e  capsule  system--including t h e  lander ,  atmospheric e n t r y  

system and aeroshel l - -have been h e a t - s t e r i l i z e d  f o r  t h i s  t es t .  

(Only t h e  l a n d e r  and i t s  b a l s  

f o r  t h e  previous drop . )  

Terminal 

wood impact l imiter  were s t e r i l i z e d  

The Goldstone t e s t  i s  bssed on s e v e r a l  years  of r e sea rch  a t  JPL i n  t h e  

a r e a s  of high-impact design techniques,  hea t  s t e r i l i z a t i o n  of  s e n s i t i v e  e l e c t r o n i c  

equipment, packaging and m i n i a t u r i z a t i o n .  

The p r o j e c t  i s  managed by John €1. Gerpheide i n  J p L ' s  P r o j e c t  Engineer ing 

Div i s ion .  Capsule system engineer i s  Kane Casani and t h e  tes t  conductor i s  

-more- 
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Wally Cas t e l l ana .  Hardware was developed by t h e  Labora tory ' s  t e c h n i c a l  d i v i s i o n s .  

JPL is  operated f o r  NASA by t h e  C a l i f o r n i a  I n s t i t u t e  of Technology 

i n  Pasadena, C a l i f o r n i a .  
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O F F I C E  OF PUBLIC INFORMATION 
JET PROPULSION LABORATORY, CALIFORNIA INSTIWE OF TECHNOLOGY 
NATIONAL, AEBONAUTICS AND SPACE ADMINISTRATION 
PASADENA, CALJYORNIA. TELEPHONE 354-5011 

FOR RELEASE: Thursday, July 4, 1968 

PASADENA, Calif,--Dr. William H. Pickering, Director of Caltech's 

Jet Propulsion Laboratory, today announced the appointment of D r .  Robert V. 

Meghreblian to the newly-established post of Deputy Assistant Laboratory Dir- 

ector fo r  Technical Divisions. 

Dr. Donald P, Burcham, deputy manager of JpL's Space Sciences Division 

has been named to Dr. Meghreblian's former position as manager of the division. 

The Technical Divisions Office, headed by Assistant Laboratory Director 

Jack N. James, is responsible for the utilization of JPL's technical resources 

in meeting its responsibility to NASA for the unmanned exploration of the moon, 

planets and deep space. 

Dr. Meghreblian, a naturalized U. S. citizen, was born in Cairo, Egy-pt. 

He came to this country at an early age and received his preparatory education in 

New York State. In 1943, he was graduated from Rensselaer Polytechnic Institute 

with a Bachelor's degree in aeronautics engineering. 

Following service with the U. S. Navy, during World W a r  11, he resumed 

his studies at Caltech under a Guggenheim Fellowship, receiving his M. S. in aero- 

nautics and mathematics in 1953. 

A noted figure in nuclear reactor analysis, Dr. Meghreblian was associated 

with the Oak  Ridge National Laboratory in Tennessee from 1952 to 1958. 

the JF'L staff in 1958 and has been a division manager in the sciences area since 1960. 

He joined 

Dr. Burcham, a native of Portland, Oregon, was graduated f r o m  Reed College, 

Portland, in 1937, with a Bachelor's degree in physics. He earned his Ph. D. in 
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physics at the University of Washington in  1942. 

Before joining JPL i n  1963, D r .  Burcham was with t h e  U. S. Navy Bureau 

of Ordnance, University of Washington Applied Physics Laboratory, National Bureau 

of Standards and Eherson Research Laboratories. 

chairman of Aerolab Development Company of Pasadena, C a l i f . ,  from 1961 t o  1963. 

He w a s  president and board 

D r .  Burcham managed advanced Mariner projects for JPL and the Advanced 

Planetary Missions Technology Office until the appointment t o  h i s  former Space 

Sciences post at the beginning of 1968. 

Dr. Meghreblian resides with h i s  wife and their  t w o  children i n  Pasadena. 

Dr. Burcham, h i s  wife and tm children l i ve  i n  La Canada, Calif. The Burchams 

a l so  have a married daughter and a grandchild. 

-0- 
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OFFICE OF PUBLIC INFORMATION 
J E T  PROPULSION LABORATORY, CALIFORNIA INSTITUTE OF TECHNOLOGY 
NATIONAL AERONAUTICS AND SPACE A D M I N I S T R A T I O N  
PASADENA, C A L I F O R N I A .  TELEPHONE 354-5011 

FOR RELEASE: THURSDAY, P . M .  OCTOBER 1 7 ,  1968 

PASADENA, Calif .--An impor t an t  advance toward e v e n t u a l  

g l o b a l  weather  p r e d i c t i o n  was r e p o r t e d  t h i s  week by a tmospher ic  

s c i e n t i s t s  of C a l t e c h ' s  J e t  P ropu l s ion  Laboratory and Ohio S t a t e  

U n i v e r s i t y .  

A recent.  sc~rlessfcl  h i ~ h - z l t i t u d e  b E l l o G i - 1  experiment 

conducted i n  Texas by J P L  r e s e a r c h e r s  i n d i c a t e d  t h a t  s u n l i g h t  

r e f l e c t e d  from E a r t h  would pose no o b s t a c l e  t o  cont inuous  e f f e c t i v e  

o p e r a t i o n  of r a d i a t i o n  s e n s o r s  c a r r i e d  by s p a c e c r a f t  i n  E a r t h  o r b i t .  

The problem of r e f l e c t e d  r a d i a t i o n  was one of t h e  f a c t o r s  

which could  a f f e c t  t h e  p o t e n t i a l  of t h e s e  i n s t r u m e n t s ,  c a l l e d  

spec t romete r s ,  f o r  o b t a i n i n g  a tempera ture  p r o f i l e  of t h e  E a r t h ' s  

lower atmosphere.  

The r e s e a r c h e r s  concluded t h a t  such s a t e l l i t e - b o r n e  

in s t rumen t s  could  probe the  atmosphere i n  s u f f i c i e n t  d e t a i l  t o  

provide  t h e  b a s i s  f o r  g l o b a l  weather  p r e d i c t i o n .  The Na t iona l  
npr--- . -+:.--  - _ _  nd.-:-: -- 1 I - -1- 

_ _ _ _ _ _ _ _ c % _ _ _ I  d - - Z  - - L - u - L  A . a A t . A A A L ~  L A a  i iui l  b ~ ~ k ~ d  the i - ~ s e a ~ ~ h .  L a A  L T L I I  

o p e r a t e s  J P L  f o r  NASA. 

I n  a nine-hour f l i g h t  up t o  a h e i g h t  of 24 m i l e s  (126,500 

f e e t ) ,  t he  h e l i u m - f i l l e d  b a l l o o n  c a r r i e d  an 800-pound ins t rumen t  

packacje on I t s  atmospheric  probe .  The f l i g h t  o r i g i n a t e d  a t  t h e  

Nat iona l  Cen te r  f o r  Atmospheric Research S t a t i o n  a t  P a l e s t i n e ,  Texas, 

and ended 600 m i l e s  away a t  Marfa, Texas, near  t h e  Mexican b o r d e r .  

-more- 
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P r o f .  John H. Shaw, Ohio S t a t e  U n i v e r s i t y  p h y s i c i s t ,  

was p r i n c i p a l  s c i e n t i f i c  i n v e s t i g a t o r  f o r  t h e  p r o j e c t .  A nine-man 

JPL group was headed by P e t e r  Schaper ,  s c i e n t i f i c  co-experimenter ,  

and James H. Riccio, cogn izan t  e n g i n e e r .  

I n  1959, D r .  L e w i s  Kaplan of J P L  f i r s t  sugges ted  t h e  

i d e a  of a p o l a r - o r b i t i n g  s a t e l l i t e  t o  p rov ide  temperature,  mo i s tu re  

and c loud  h e i g h t  d a t a  by  r e c o r d i n g  t h e  spectrum of upwell ing 

i n f r a r e d  r a d i a t i o n  i n  t h e  atmosphere.  The concep t  was t e s t e d  i n  

subsequez t  2 a l l c o n  an< a i i - c r a f t  f l i g h t s ,  b u t  on l a s t  J u l y  li f o r  

t h e  f i r s t  t i m e  measurements w e r e  made w i t h  t h e  d e t a i l  r e q u i r e d  f o r  

use i n  long-range weather  p r e d i c t i o n .  

A new h i g h l y  a c c u r a t e  mathematical  method f o r  r educ ing  

t h e  d a t a ,  developed by D r .  Moustafa Chahine of J P L ,  was used t o  

o b t a i n  t h e  d e t a i l e d  r e s u l t s .  

The high-frequency i n f r a r e d  rad ia t ion-measur ing  s p e c t r o -  

meters ob ta ined  b o t h  n i g h t  and daytime tempera ture  r e a d i n g s  and 

w e r e  parachuted  t o  E a r t h .  

To o b t a i n  necessa ry  d e t a i l ,  t h e  equipment employed 

s h o r t e r  wavelengths  than  had been p r e v i o u s l y  used. A t  t h e s e  

.. wase lcngS i s ,  1 t da5 reare6 cha t  r e f l e c t e d  s u n l i g h t  wvuid i n t e r f e r e  

w i t h  t h e  measurements. The s u c c e s s f u l  b a l l o o n  f l i g h t  proved t h e s e  

f e a r s  t o  be unfounded. 

I n t e n s i v e  a n a l y s i s  of t h e  recorded d a t a  a l s o  d i sc losed  

t h a t  n i g h t  and daytime soundings of c l e a r  and cloudy c o n d i t i o n s  can  

be o b t a i n e d ,  and t h a t  E a r t h  s u r f a c e  tempera tures  were r e a d  t o  

w i t h i n  one degree  of accuracy  from t h e  maximum f l o a t  a l t i t u d e  of 

24 m i l e s .  

-more- 
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A t  t h i s  h e i g h t ,  a t  4:36 a.m., t h r e e  hours  a f t e r  launch ,  

t h e  JPL-developed m u l t i d e t e c t o r  spec t rometer  gave an E a r t h  s u r f a c e  

r e a d i n g  of 66 d e g r e e s ,  F a h r e n h e i t ,  v e r i f i e d  t o  w i t h i n  a degree  

by nearby U. S.  Weather Bureau s t a t i o n s .  Other t empera tu res  a t  

t he  t ime,  a s  c a l c u l a t e d  from r a d i a n c e  d a t a ,  ranged from 85 degrees  

below ze ro  F. , a t  53,000 f e e t ,  up t o  8 degrees  above z e r o  a t  

126,500 f e e t .  

Temperatures,  a f t e r  f i r s t  f a l l i n g  o f f  w i t h  h e i g h t ,  

generally beg in  t o  r ise  a t  60,GOC f e e t  a i t i t u d e  i n  t h e  atmosphere.  

The s u c c e s s f u l  b a l l o o n  f l i g h t  marked a forward s t e p  

i n  NASA's program t o  d e f i n e  exper iments  f o r  manned, e a r t h - o r b i t i n g  

miss ions  i n  t h e  Apollo App l i ca t ions  Program. Such shor t - t e rm 

t e s t i n g  could  h e l p  fill gaps i n  t h e  d e t a i l e d  d a t a  needed f o r  more 

a c c u r a t e  weather  f o r c a s t i n g .  

The exper imenters  b e l i e v e  they  have s u c c e s s f u l l y  completed 

Phase I of t h e  Apollo a p p l i c a t i o n s  project--namely,  t h e  v e r i f i c a t i o n  

of the  in s t rumen t s  and t echn iques  needed t o  measure v i t a l  c o n s t i t u e n t s  

of g l o b a l  weather .  

bb-490-10/ 17/68 
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PASADENA, C A L I F O R N I A .  TELEPHONE 354-5011 

FOR RELEASE: THURSDAY, OCTOBER 31, 1968 
1L 

PASADENA, Calif.--An e a r l y  page i n  t he  br ie f  h i s t o r y  

of r o c k e t s ,  m i s s i l e s  and space f l i g h t  i n  the  United S t a t e s  w i l l  

be observed today w i t h  t h e  placement of a h i s t o r i c a l  marker a t  t he  

J e t  P ropu l s ion  Laboratory of t h e  C a l i f o r n i a  I n s t i t u t e  of Technology. 

"On October 31, 1936, a t  a s i t e  approximately 400 y a r d s  

t o  t h e  s o u t h e a s t ,  i n  t h e  Arroyo Seco, a group of s t u d e n t s  and co- 

workers . . . f i r e d  t h e i r  f i r s t  r o c k e t  motor . . . ' I  t h e  plaque 

r e a d s  i n  p a r t .  

The s t u d e n t s  c i t e d  i n  bronze s t u d i e d  a t  t h e  Guggenheim 

Aeronau t i ca l  Laboratory of t h e  C a l i f o r n i a  I n s t i t u t e  of Technology 

( G A L C I T )  and w e r e  encouraged i n  t h e i r  expe r imen ta t ion  by t h e  G A L C I T  

D i r e c t o r ,  t h e  l a t e  D r .  Theodore von Karman. 
- 

/ /  

With t h e  t es t  f i r i n g  of t h e  r o c k e t  engine  32 y e a r s  ago ,  

C a l t e c h  became t h e  f i r s t  American u n i v e r s i t y  t o  a c t i v e l y  sponsor 

r o c k e t  r e s e a r c h .  The work soon a f t e r  gained government sponsor sh ip  

and even tua l ly - - in  1944--led t o  e s t a b l i s h m e n t  of t he  J e t  P ropu l s ion  

Labora tory .  

Unvei l ing  of t h e  marker i s  scheduled f o r  2 : O O  p.m. i n  t h e  

mal l  near  JPL's main g a t e .  The ceremony w i l l  be p r e s i d e d  over  by 

J P L  D i r e c t o r  D r .  Will iam H. P i c k e r i n g  and Ca l t ech  P r e s i d e n t  

D r .  L e e  A.  DuBridge. 

-more- 
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S i t e  of  t h e  a c t u a l  f i r i n g  of  t h e  methyl a lcohol -gaseous  

oxygen eng ine  t h r e e  decades  ago was j u s t  o u t s i d e  t h e  p r e s e n t  boundar i e s  

of t h e  165-acre  Labora tory .  The r i v e r  bed l o c a t i o n  was chosen because  

of i t s  remoteness  from h a b i t a t i o n ,  y e t  a c c e s s i b i l i t y  t o  C a l t e c h .  

F ive  o f  t h e  seven men who p a r t i c i p a t e d  i n  t h e  f i r s t  r o c k e t  

t e s t  w i l l  a t t e n d  t h e  ceremony. They a r e :  

D r .  Frank J .  Malina,  who was J P L ' s  f i r s t  d i r e c t o r  and who 

now r e s i d e s  i n  Pa r i s ,  F rance ,  where he i s  a no ted  p a i n t e r  and founder-  

e d i t o r  of LEONARDO, I n t e r n a t i o n a l  Jou rna l  of  t h e  Contemporary A r t i s t .  

Edward S.  Forman, a r e s e a r c h  s p e c i a l i s t  i n  e n g i n e e r i n g  

advanced d e s i g n  a t  t h e  Lockheed Missi le  and Space Company, Sunnyvale ,  

C a l i f o r n i a .  

Wil l iam C .  R o c k e f e l l e r ,  of La J o l l a ,  C a l i f o r n i a . ,  v i c e  

p r e s i d e n t  of  Sonico ,  I n c . ,  i n  San Diego. 

D r .  Wil l iam A.  Bo l l ay ,  of Santa  Barbara ,  C a l i f o r n i a ,  

p r o f e s s o r  o f  a e r o n a u t i c s  and c o n s u l t i n g  e n g i n e e r .  

Apollo M .  0. Smith of  San Marino, C a l i f o r n i a ,  a s s i s t a n t  

c h i e f  of aerodynamics r e s e a r c h  a t  t h e  McDonnell-Douglas C o r p o r a t i o n ,  

Long Beach, C a l i f o r n i a .  

Unable t o  a t t e n d  i s  C a r l o s  C .  Wood, c h i e f  e n g i n e e r  of  

t h e  S ikorsky  C o r p o r a t i o n ' s  H e l i c o p t e r  D i v i s i o n .  H e  r e s i d e s  i n  S t r a t f o r d ,  

Conn. The seven th  member of t h e  team, John W .  Pa r sons ,  d i e d  i n  1952. 

For t h e  o c c a s i o n ,  Forman w i l l  p r o v i d e  t h e  o r i g i n a l  eng ine  

which w i l l  be t h e  h e a r t  of  a 1968 mockup o f  t h e  1936 r o c k e t  f i r i n g .  

### 
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T h i s  1936 photograph  p o r t r a y s  a few of  t h e  members of one of Amer ica ' s  f i r s t  r o c k e t  t e s t  teams. 
Some of  t h e  group w e r e  s t u d e n t s  a t  t h e  Guggenheim Aeronau t i ca l  Labora tory  of t h e  C a l i f o r n i a  
I n s t i t u t e  of Technology. GALCIT was the  fo re runne r  of C a l t e c h ' s  J e t  P ropu l s ion  Labora tory .  

o u t s i d e  t h e  p r e s e n t  JPL boundary. Man a t  l e f t  i s  u n i d e n t i f i e d .  O the r s  from l e f t  a r e  
Apollo M .  0. Smith: Frank J. Malina,  who l a t e r  became J P L ' s  f i r s t  d i r e c t o r ;  Edward S .  Forman; 
and t h e  l a t e  John W. Parsons .  

I The p i c t u r e  w a s  t aken  a t  t h e  s i t e  of a r o c k e t  t e s t  s t a n d  i n  t h e  Arroyo Seco i n  Pasadena j u s t  
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J E T  PROPULSION LABORATORY, CALIFORNIA INSTITUTE OF TECHNOLOGY 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
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FOR IMMEDIATE RELEASE: $1 

Walter  H. Padgham has  been appoin ted  t o  f i l l  t h e  new 

p o s i t i o n  of A s s i s t a n t  Laboratory Director  f o r  Personnel  Admin i s t r a t ion  

and Suppor t ing  S e r v i c e s  a t  t h e  J e t  P ropu l s ion  Laboratory of t he  

C a l i f o r n i a  I n s t i t u t e  of Technology accord ing  t o  D r .  W i l l i a m  H. P i c k e r i n g ,  

J P L  Director .  

~ r .  Padgham was former ly  manager of t h e  Personnel  

Admin i s t r a t ion  and Suppor t ing  S e r v i c e s  D i v i s i o n s  and w i l l  con t inue  

w i t h  t h e  same d u t i e s  i n  t h e  new p o s i t i o n .  H e  i s  r e s p o n s i b l e  f o r  

t h e  d i r e c t i o n  of t h r e e  d i v i s i o n s :  Personnel  Adminis t ra t ion  and 

S e c u r i t y  and P l a n t  P r o t e c t i o n ;  Technica l  Informat ion  and Documentation 

and F a b r i c a t i o n  Services. 

H e  j o i n e d  J P L  i n  December, 1949, a s  Personnel  and S a f e t y  

Admin i s t r a to r .  I n  1952, he was named manager of t h e  Personnel  and 

Technica l  S e r v i c e s  D i v i s i o n .  

A n a t i v e  of  Gooding, Idaho,  Padgham was graduated  from 

Pasadena C i t y  Col lege  i n  1934. H e  a t t e n d e d  t h e  Un ive r s i ty  of 

C a l i f o r n i a  a t  Los  A n g e l e s ,  t h e  U n i v e r s i t y  o f  Southern C a l i f o r n i a  

and t h e  C a l i f o r n i a  I n s t i t u t e  of Technology f o r  courses i n  pe r sonne l  

a d m i n i s t r a t i o n ,  i n d u s t r i a l  r e l a t i o n s  and management. 

-more- 
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Padgham w a s  employed a s  Dis t r ic t  Superv isor  f o r  t h e  

M c C l i n t o c k  Corporation from 1936 to 1943 when he jo ined  t h e  California 

I n s t i t u t e  of Technology a s  Personnel  O f f i c e r .  F r o m  1945 t o  1949, 

he was d i r e c t o r  of I n d u s t r i a l  R e l a t i o n s  f o r  t h e  General  T i r e  and 

Rubber Company. 

Padgham i s  married and resides i n  Altadena,  C a l i f o r n i a .  

510-4/10/69 



PASADENA, Cal i f . - -Formation of t h e  Viking Orbi te r  O f f i c e  
~ 

was announced today by J P L  D i r e c t o r  D r .  Wi l l iam H. P i c k e r i n g .  

Henry W .  N o r r i s  was named Viking O r b i t e r  manager; 

i t  S .  Watkins ,  deputy  manager; A l l e n  E .  W o l f e , , ~  

nage r ;  and D r .  Conway W .  Snyder ,  Viking O r b  

. The Viking P r o j e c t ,  des igned  t o  send two o r b i t e r s  w i th  

l a n d i n g  c a p s u l e s  t o  Mars i n  1 9 7 3 ,  i s  managed f o r  t h e  N a t i o n a l  

Aeronau t i c s  and Space Admin i s t r a t ion  by t h e  NASA Langley Researc  

Hampton, V i r g i n i a .  

h e  newly -es t ab l i shed  o f f i c e  a t  J P L  i s  r e s p o n s i b l e  

r 

f o r  

n and development of  t h e  o r b i t i n g  s p a c e c r a f t  p o r t i o n  of 

ng system and t h e  conduct  of t h e  o r b i t e r p h a s e  of t h e  

mis s ion .  

and d a t a  a c q u i s i t i o n .  

The Labora tory  i s  r e s p o n s i b l e  a l s o  f o r  Viking t r a c k i n g  

N o r r i s  was J P L ' s  s p a c e c r a f t  system manager f o r  t h e  

t February and Mariner 

w i l l  a r r i v e  a t  Mars i n  

o r  t h e  Labora to ry '  



~- 

manager f o r  t h e  Ranger 

I p a c e c r a f t  and f o r  t h e  Mariner  

r e c e n t  p o s t  was manager o f  

JPL ' s  Space Sc iences  P r o j e c t  s e c t i o n .  

D r .  Snyder was p r o j e c t  s c i e n t i s t  f o r  t h e  Mariner V 

Venus mis s ion  i n  1967. H e  also was a sc ience  i n v e s t i g a t o r  f o r  

s o l a r  plasma i n s t r u m e n t s  flown t o  Venus i n  1962 by Mariner  I1 

and t o  Mars i n  1965 by Mariner  I V .  

The two Viking Orb i t e r  s p a c e c r a f t  w i l l  c i r c l e  Mars i n  

1973 w h i l e  t h e  Viking Landers  descend t o  t h e  Mar t i an  s u r f a c e .  

- .  - . *  * I- 'T 
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S i x  new mascons--mass c o n c e n t r a t i o n s  of dense  m a t e r i a l - -  

have been  d i s c o v e r e d  benea th  t h e  s u r f a c e  of  t h e  moon by r e s e a r c h e r s  

a t  t h e  C a l t e c h  J e t  P r o p u l s i o n  Labora to ry .  

The r e c e n t l y - d i s c o v e r e d  mascons, which cause  changes i n  

t h e  v e l o c i t y  of  moon-circl ing s p a c e c r a f t ,  b r i n g  t o  1 2  t h e  t o t a l  now 

mapped on t h e  nea r  f a c e  of t h e  moon and on i t s  l e a d i n g  and t r a i l i n g  

edges  a s  s een  from E a r t h .  

Mascons a r e  expec ted  t o  shed new l i g h t  on q u e s t i o n s  of 

t h e  moon's o r i g i n  and e v o l u t i o n .  Refinement of t h e  l u n a r  g r a v i t y  

model, based  on t h e  mascon d i s c o v e r i e s ,  i s  of i n t e r e s t  t o  Apollo 

n a v i g a t i o n .  

The new i n f o r m a t i o n  was r e p o r t e d  today by Wil l iam L .  S j o g r e n ,  

Paul  M .  Muller  and D r .  Peter G o t t l i e b  of J P L  a t  t h e  50th  annual  meet ing 

of t h e  American Geophysical  Union a t  t h e  Sheraton-Park Hote l  i n  

Washington, D .  C .  The i r  p r e s e n t a t i o n s  w e r e  g iven  a t  a s p e c i a l  s e s s i o n  

on l u n a r  g r a v i t y .  

The f i r s t  s i x  mascons, d i s c o v e r e d  l a s t  y e a r  by S jog ren  

and Mul l e r ,  a l s o  o f  J P L ,  a r e  c e n t e r e d  benea th  t h e  l a r g e  

r i n g e d  maria  ( s e a s )  --Imbrium, S e r e n i t a t i s  , Cris ium,  N e c t a r i s  , 

Humorum and Aestauum. 

Using r a d i o  t r a c k i n g  d a t a  from t h e  NASA Lunar O r b i t e r  V 

miss ion  i n  1967-68, t h e y  p l o t t e d  t h e  s p a c e c r a f t  a c c e l e r a t i o n s  on a 

moon map and found t h a t  t h e  speed i n c r e a s e d  ove r  each  of t h e  

c i r c u l a r  s e a s .  

-more- 
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Sjogren  and D r .  G o t t l i e b  r e p o r t e d  on the c o n t i n u i n g  

a n a l y s i s  of t h e  Lunar Orbi ter  V d a t a  a s  w e l l  a s  t h e  c o r r o b o r a t i n g  

r e s u l t s  from Lunar Orbiters I11 and IV. 

A map of t h e  moon's g r a v i t y  f i e l d  now i n c l u d e s  mascon 

l o c a t i o n s ,  a l s o  on t h e  s i d e  f a c i n g  E a r t h ,  a t  Gr ima ld i ,  Mare 

Humboldtianum, and a t  two unnamed mare a r e a s  a t  27O E .  Long., 

5 O S .  L a t . ;  and 70° E .  Long., 1 5  S .  L a t .  Large c o n c e n t r a t i o n s  of  

mass a r e  a s s o c i a t e d  a l s o  w i t h  t h e  p a r t i a l l y  v i s i b l e ,  m u l t i - r i n g e d  

Mare O r i e n t a l e  on t h e  w e s t e r n  limb of t h e  moon and Mare Smythi i  

on t h e  e a s t e r n  l i m b .  

0 

Again, each  mascon was found t o  be c e n t e r e d  below a 

r i n g e d  sea  o r  an a n c i e n t ,  now o b l i t e r a t e d ,  c i r c u l a r  s e a .  

N o  i n f o r m a t i o n  i s  a v a i l a b l e  conce rn ing  p o s s i b l e  mascons 

on t h e  moon's backs ide  because  o r b i t i n g  s p a c e c r a f t  canno t  be t r a c k e d  

w h i l e  t h e  moon b l o c k s  i t  from t h e  view o f  E a r t h  an tennas .  

D r .  G o t t l i e b  a l s o  gave t h e  r e s u l t s  of a p r e l i m i n a r y  s t u d y  

on a r e v i s i o n  of t h e  l u n a r  g r a v i m e t r i c  model t o  accommodate t h e  

now-known e x i s t e n c e  of mascons. 

Beginning w i t h  t h e  q u a l i t a t i v e  map p rov ided  by S jog ren  

and Mul l e r ,  t h e  s tudy  seeks  t o  o b t a i n  a more q u a n t i t a t i v e  e s t i m a t e  

of mascon s i z e s  and d e p t h s  and t o  e s t i m a t e  t h e  magnitudes of  lesser 

g r a v i t a t i o n a l  f e a t u r e s .  

D r .  G o t t l i e b  s a i d  t h e  l a t e s t  g r a v i t y  model produces  a 

s i g n i f i c a n t  agreement w i t h  t h e  a n a l y s i s  of t r a c k i n g  in fo rma t ion  from 

the  manned Apol lo  8 m i s s i o n  l a s t  D e c e m b e r .  

-more- 
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(No t i ceab le  a c c e l e r a t i o n  v a r i a t i o n s  w e r e  s e e n  i n  t h e  

Apollo 8 t r a c k i n g  d a t a  a s  t h e  moon-orbi t ing three-man s p a c e c r a f t  

over f lew s e v e r a l  of t h e  mapped mascons.) 

The J P L  r e s e a r c h e r s  a r e  working w i t h  t h e  NASA Manned 

S p a c e c r a f t  Center  i n  Houston i n  an  e f f o r t  t o  p r e d i c t  a c c u r a t e l y  

l a n d i n g  s i t e s  s e v e r a l  o r b i t s  p r i o r  t o  l a n d i n g .  

Most of  t h e  d a t a  a v a i l a b l e  today was taken  from s p a c e c r a f t  

o r b i t i n g  t h e  moon a t  c l o s e s t  a l t i t u d e s  of abou t  60 m i l e s .  The 

J P L  team a n t i c i p a t e s  new and p o s s i b l y  h i g h e r  r e s o l u t i o n  d a t a  from 

Apollo 10 n e x t  month when t h e  Lunar Module o r b i t s  a t  a much lower 

a l t i t u d e .  

The f i v e  Lunar Orbi te r  f l i g h t s  were conducted by t h e  NASA 

Langley Research Center  i n  Hampton, V i r g i n i a .  The t r a c k i n g  d a t a  

was provided  by t h e  NASA-JPL Deep Space Network. 

The work t h a t  r e s u l t e d  i n  t h e  mascon d i s c o v e r i e s  fo l lowed 

e a r l i e r  s e l enodesy  exper iments  on p r e v i o u s  Lunar O r b i t e r  m i s s ions  

by i n v e s t i g a t o r s  a t  Langley and J P L .  

### 
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Mercator  p r o j e c t i o n  of t h e  moon shows t h e  l o c a t i o n  of 11 mascons--mass 

c o n c e n t r a t i o n s  of dense  ma te r i a l - -d i scove red  by J e t  P ropu l s ion  Labora tory  

mathematicians through t h e  a n a l y s i s  of t r a c k i n g  d a t a  from t h e  Lunar 

O r b i t e r  m i s s ions .  A 1 2 t h  mascon, a t  Mare Humboldtianum i n  t h e  upper 

r i g h t  quadran t  of t h e  moon, i s  n o t  i n s c r i b e d  on t h i s  p r o j e c t i o n .  The 

o r i g i n a l  s i x  mascons a r e  i d e n t i f i e d  by w h i t e  c i r c l e s  w h i l e  t h e  newly- 

d i s c o v e r e d  l u n a r  g r a v i t a t i o n a l  h i g h s  a r e  r i n g e d  i n  b l a c k .  
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The t h e o r y  t h a t  l u n a r  f e a t u r e s  may have been  c u t  by 

ocean waves and meandering r i v e r s  h a s  been  r e k i n d l e d  by t h e  r e c e n t  

d i s c o v e r y  of mass c o n c e n t r a t i o n s  of dense m a t e r i a l ,  o r  mascons, 

benea th  t h e  s u r f a c e  of t h e  moon, an  audience  a t t e n d i n g  an American 

P h y s i c a l  S o c i e t y  meeting i n  Washington, D .  C.,  was t o l d  today .  

Pau l  M. Muller  of t h e  C a l t e c h  J e t  P ropu l s ion  Labora tory  

s a i d  i t  i s  now c l e a r  t h a t  mascons, g r a v i t y  h i g h s  l o c a t e d  i n  dep res sed  

l u n a r  b a s i n s ,  show t h a t  t h e  moon's i n t e r n a l  s t r e n g t h  i s  h o l d i n g  

up e x t r a  d e p o s i t e d  mass. Only t h e  method of t r a n s p o r t a t i o n  of t h a t  

mass, he s a i d ,  remains a mystery.  

Mul l e r ,  co -d i scove re r  of t h e  mascons w i t h  W i l l i a m  L .  S jog ren ,  

a l s o  o f  J P L ,  reviewed t h e i r  a n a l y s i s  of r a d i o  t r a c k i n g  measurements 

t h a t  i n d i c a t e d  v e l o c i t y  changes i n  t h e  moon-circl ing Lunar Orb i t e r  

s p a c e c r a f t  and l e d  t o  t h e  c o n s t r u c t i o n  of a g r a v i m e t r i c  map of t h e  

moon's near  s i d e .  

Addressing an APS s e s s i o n  a t  t h e  Sheraton-Park Hotel  devoted  

t o  "The Moon," Muller s a i d  t h e  mascons, r e p r e s e n t i n g  l o c a l  high-  

g r a v i t y  a r e a s ,  c o r r e l a t e  one-for-one w i t h  l u n a r  r inged  s e a s ,  which 

a r e  dep res sed  b a s i n s ,  o r  w i t h  a n c i e n t ,  now o b l i t e r a t e d ,  c i r c u l a r  

s e a s .  

H e  s a i d  t h e  mascons might be e x c e s s  mass d e p o s i t e d  by 

wa te r  and suppor t ed  by t h e  i n t e r n a l  s t r e n g t h  of a r i g i d  moon. 

-more- 
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Among o t h e r  t h e o r i e s ,  Muller s a i d ,  i s  t h a t  which h o l d s  

the  r inged  s e a s  w e r e  formed by l ava  f lows r e l e a s e d  from deep w i t h i n  

t h e  moon when t h e  l u n a r  c r u s t  was broken by tremendous impacts .  

S t i l l  o t h e r s  i nc lude  dry  t r a n s p o r t a t i o n ,  m e t e o r i t i c  e ros ion  and 

mul t i - s t age  l a v a  p rocesses .  

H e  quoted t h e  theory  advanced by D r .  John G i l v a r r y  of the  

Rand Corpora t ion  t h a t  t h e  mascons a r e  wa te r  depos i t ed  sediments  

s i m i l a r  t o  E a r t h  garden s o i l .  This  could  account  f o r  t h e  e x i s t e n c e  

of a l a r g e  g r a v i t a t i o n a l  bump over  a deep b a s i n ,  he noted ,  p o i n t i n g  

o u t  t h a t  t h e  r inged  s e a s  o v e r l y i n g  t h e  mascons a r e  deep b a s i n s .  

M u l l e r  s a i d  t h e  mascons, t hen ,  probably a r e  no t  f l o a t i n g  

on a l i q u i d  luna r  i n t e r i o r  a s  a r e  t h e  c o n t i n e n t s  and mountains of 

t h e  E a r t h ,  b u t  a r e  i n s t e a d  h e l d  there by a moon w i t h  s t r u c t u r a l  

s t r e n g t h .  

Using h i g h - r e s o l u t i o n  moon photos  taken by t h e  series 

of NASA Lunar O r b i t e r  s p a c e c r a f t  and Apol lo8 ,  M u l l e r  i l l u s t r a t e d  

t h e  theory  f o r  p r i m o r d i a l  l u n a r  water  by p o i n t i n g  o u t  moon f e a t u r e s  

t h a t  i nc lude  p o s s i b l e  beaches ,  ice o r  water -cu t  r i l l e s ,  seashore  

f e a t u r e s ,  broken c r a t e r s  and ghos t  c r a t e r s .  
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( E d i t o r s :  This s t o r y  on t h e  I n f r a r e d  Radiometer 
i s  t h e  f i r s t  i n  a se r ies  on the  s c i e n t i f i c  experiments  aboard 
Mariner s p a c e c r a f t  a t  Mars t h i s  s u m m e r . )  

PASADENA, Calif.--How c o l d  i s  Mars? Is i t  t w i c e  a s  c o l d  

a s  E a r t h ?  A r e  i t s  p o l e s  capped w i t h  wa te r  ice  o r  d ry  ice?  

The i n f r a r e d  r ad iomete r s  aboard b o t h  Mariner ' 6 9  

s p a c e c r a f t  should produce impor tan t  answers .  The s m a l l ,  d e l i c a t e  

i n s t r u m e n t s ,  c o o r d i n a t i n g  w i t h  the  TV cameras,  w i l l  measure t h e  

thermal  r a d i a t i o n - - i . e . ,  heat--of t h e  Mart ian s u r f a c e  from South 

Pole  t o  w e l l  n o r t h  of t h e  Equator ,  and on the  n i g h t  s i d e  a s  w e l l  

a s  t h e  s u n l i t  s i d e  of t h e  p l a n e t .  

The i n f r a r e d  rad iometer  ( I R R )  i s  designed t o  measure 

tempera tures  from 270 deg rees  below z e r o  t o  80 degrees  above z e r o ,  

Fahrenhe i t .  B u t  Ca l t ech  and J e t  Propuls ion  Laboratory s c i e n t i s t s  

d o n ' t  expec t  many above- f reez ing  r e a d i n g s .  

A p r i n c i p a l  g o a l  of t h e  I R R  i s  t o  de te rmine  whether t h e  

Mart ian sou th  p o l a r  cap i s  f rozen  carbon d iox ide  o r  f rozen  wa te r .  

I f ,  a s  seems i n d i c a t e d  by some p rev ious  s t u d i e s ,  i t  i s  carbon d i o x i d e ,  

t he  mass would be dry  i c e ,  about  -200 deg rees ,  F . ,  o r  c o l d e r .  

However, p o l a r  tempera tures  of -170 deg rees  or warmer 

would imply water i ce  i s  p r e s e n t .  

E a r t h  s t u d i e s  and Mariner I V  f ly-by experiments  i n  1965 

i n d i c a t e  carbon d iox ide  i s  t h e  main element  i n  Mars' atmosphere,  

w i t h  l i t t l e  oxygen o r  hydrogen p r e s e n t .  

-more- 
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The two ' 6 9  s p a c e c r a f t  a r e  scheduled  t o  f l y  by Mars i n  

August a t  a nearest  approach of 2 ,000  miles .  I n  1964,  t h e  c l o s e s t  

d i s t a n c e  was 6 ,100  m i l e s .  The Mariner s p a c e c r a f t  w e r e  b u i l t  by 

J P L  f o r  t h e  unmanned program of t h e  Na t iona l  Aeronau t i c s  and Space 

Admin i s t r a t ion .  C a l t e c h  o p e r a t e s  J P L  f o r  NASA. 

D r .  Gerry Neugebauer, C a l t e c h  p h y s i c i s t ,  i s  t h e  p r i n c i p a l  

i n v e s t i g a t o r  f o r  t h e  I R R  exper iment ,  w i t h  S t i l l m a n  Chase, of  t h e  

Santa  Barbara Research C e n t e r ,  and D r .  Guido Munch, C a l t e c h  a s t r o -  

p h y s i c i s t ,  c o - i n v e s t i g a t o r s .  The in s t rumen t  was des igned  by Chase 

and h i s  Santa  Barbara s t a f f .  E l l i s  D .  Miner i s  J P L  c o g n i z a n t  

s c i e n t i s t  and Don S c h o f i e l d ,  J P L  c o g n i z a n t  e n g i n e e r ,  f o r  t h e  

e xpe r i m e  n t . 
The expe r imen te r s  hope t o  produce t h e  most comprehensive 

thermal  p r o f i l e  y e t  o b t a i n e d  of  ano the r  p l a n e t .  

The s e n s i t i v e  r ad iomete r  i s  bo re - s igh ted  w i t h  t h e  TV 

camera t o  synchronize  s u r f a c e  tempera ture  r e a d i n g s  w i t h  a r e a s  shown 

i n  each  p i c t u r e  a s  t h e  s p a c e c r a f t  sweep p a s t  Mars. The I R R  w i l l  

o p e r a t e  i n  " r e a l  t ime ,  " t a k i n g  t empera tu res  and t r a n s m i t t i n g  them 

t o  E a r t h  immediately.  

The r ad iomete r  weighs only  7 . 5  pounds, measures 3 x 6 x 9 

i n c h e s  o v e r a l l ,  and r e q u i r e s  b u t  t h r e e  w a t t s  of power. Y e t  h e r e  

i s  what i t  does :  

Using m i n i a t u r e  twin-channel  t e l e s c o p e s  , t h e  in s t rumen t  

w i l l  receive and measure t h e  i n t e n s i t y  o f  t h e  r a d i a t i o n  e m i t t e d  by 

t h e  Mart ian s u r f a c e .  A l l  m a t t e r  r a d i a t e s  energy ,  t h e  amount v a r y i n g  

w i t h  tempera ture  and wavelength .  

-more- 
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The l i g h t  energy  i s  r e f l e c t e d  by a mi r ro r  through l e n s  

and f i l t e r  a r r a y s  i n  each  channe l .  The f i l t e r s  s t o p  a l l  b u t  se lected 

wavelengths  of i n f r a r e d  l i g h t .  The d e s i r e d  wavelengths  a r e  between 

8 and 1 2  microns i n  one channe l ,  and 18 t o  2 5  microns i n  t h e  o t h e r .  

( A  micron i s  1/1,00Oth of a m i l l i m e t e r ,  o r  1/25,00Oth of an  i n c h . )  

The l e n s e s  focus  t h e  d e s i r e d  r a y s  on to  d e t e c t o r s ,  which 

a r e  the rmop i l e s  made o f  antimony-bismuth. The d e t e c t o r s  c o n v e r t  t h e  

e n e r g i e s  i n t o  v o l t a g e s  and r e l a y  them t o  an e l e c t r o n i c s  u n i t .  This  

equipment,  i n  t u r n ,  t r a n s l a t e s  t h e  v o l t a g e s  i n t o  p u l s e s  f o r  r a d i o  

t r a n s m i s s i o n  t o  J P L  moni tor ing  s t a t i o n s  on E a r t h .  

The r ad iomete r  w i l l  s t a r t  t a k i n g  t empera tu res  on Mars '  

s u n l i t  s i d e  w i t h i n  t h r e e  days  of each s p a c e c r a f t ' s  encoun te r  w i t h  

t h e  p l a n e t .  Measurements w i l l  cover  v i r t u a l l y  t h e  e n t i r e  v i s i b l e  

s u r f a c e  of t h e  p l a n e t .  

However, bes t  r e s u l t s  a r e  a n t i c i p a t e d  i n  t h e  ha l f -hour  

of c l o s e s t  approach when t h e M a r i n e r s  sweep p a s t  t h e  s u n l i t  s i d e ,  

a c r o s s  t h e  s u n s e t  l i n e ,  and around t o  t h e  n i g h t  s i d e  of Mars. 

Temperature r e a d i n g s  a r e  set  f o r  one eve ry  two seconds ,  and should  

r e v e a l  day and n i g h t  v a r i a t i o n s .  

Most of t h e  t empera tu re  d a t a  w i l l  be t r a n s m i t t e d  t o  t h e  

Goldstone Tracking S t a t i o n  near  Barstow, C a l i f .  Golds tone ,  w i t h  i t s  

210-foot an tenna ,  i s  t h e  h e a r t  of t h e  worldwide Deep Space Network 

which J P L  o p e r a t e s  f o r  NASA. 

There i s  a p o s s i b i l i t y  t h a t  t h e  I R R  may a l s o  r e v e a l  

what temperature v a r i a t i o n s  e x i s t  i n  t h e  "wave of darkening ' '  t h a t  

moves a c r o s s  t h e  f a c e  of  Mars eve ry  s i x  months. 

-more- 
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Some s c i e n t i s t s  t h e o r i z e  t h a t  t h i s  da rken ing  from p o l e  

t o  e q u a t o r ,  w h i c h  appea r s  t o  be maximum a t  t h e  summer s o l s t i c e ,  

i s  t h e  bes t  ev idence  t h e r e  may be l i f e  on Mars. There was once 

s p e c u l a t i o n  t h a t  t h e  da rken ing  might be v e g e t a t i o n  u n t i l  Mariner 

IV p i c t u r e s  showed only  a n c i e n t  , b a r r e n  t e r r a i n  w i t h  no a p p a r e n t  

l i f e .  

The 1969 miss ion  p l a n n e r s  do not - - repea t  a - - a n t i c i p a t e  

f i n d i n g  any d i r e c t  ev idence  o f  l i f e .  However, t h e  g e n e r a l  g o a l  

i s  t o  t ake  a c l o s e r  look a t  t h e  Mart ian environment  and e s t a b l i s h  

a b a s i s  f o r  f u t u r e  exper iments  which may c o n c e n t r a t e  on t h e  s e a r c h  

f o r  l i f e  on t h a t  p l a n e t  i n  t h e  n e x t  decade.  

D r .  John A .  S ta l lkamp i s  J P L  p r o j e c t  s c i e n t i s t  f o r  t h e  

Mariner ' 69  program. H a r r i s  M. Schurmeier i s  p r o j e c t  manager f o r  

J P L .  

### 



MARS THERMOMETER: This  l i t t l e  
box, c a l l e d  an  i n f r a r e d  r a d i o -  
me te r ,  i s  p a r t  o f  t h e  s c i e n t i f i c  
equipment aboard each  of t h e  
Mariner ' 6 9  s p a c e c r a f t .  I t  i s  
s p e c i a l l y  des igned  t o  measure 
thermal  r a d i a t i o n ,  and hence,  t h e  
t empera tu res ,  of  Mars as t h e  
s p a c e c r a f t  f l y  w i t h i n  2 , 0 0 0  m i l e s  
o f  t h e  p l a n e t  l a t e  i n  J u l y  and 
e a r l y  August. A r e s e a r c h  
a s s i s t a n t  a t  C a l t e c h ' s  J e t  
P ropu l s ion  Labora tory  h o l d s  t h e  
in s t rumen t  , working d e t a i l s  of 
which a r e  i l l u s t r a t e d  i n  t h e  
accompanying diaqram. The 

ELECTRONICS UNIT CONVERTS 
SENSOR VOLTAGES TO PULSES 
FOR RADIO MESSAGE CODING 

VOLTAGE PROPORTIONAL 
TO TEMPERATURE 

DETKTORS MEASU 
-n?"F TO + W F  

FCCUSING LENS 

FILTERS STOP ALL BUT 
SELECTED WAVELENGTHS 
OF INFRARED LIGHT 

FOCUSING LENS 

DIAMOND SHAPED 
3 POSITION MIRROR 

CALIBRATION PANEL FOR 
HIGHEST TEMP MOUNTED 
INSIDE HOUSING 

MARS LIGHT INCLUDES 
- -  INFRARED RADIATION FROM r ad iomete r  weighs on ly  7 . 5  pounds,  PLANET SURFACE 

and i s  3 x 6 x 9 i n c h e s  i n  s i z e .  
The Mariner ' 6 9  pro jec t  i s  b e i n g  
conducted by J P L  f o r  t h e  

Admin i s t r a t ion .  
Na t iona l  Aeronau t i c s  and Space (ZERO REF ) 
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PASADENA, Cal i f . - -Dr.  Wi l l iam H. P i c k e r i n g ,  D i r e c t o r  o f  

C a l t e c h ' s  J e t  P r o p u l s i o n  Labora to ry ,  today announced t h e  appointment  

o f  D r .  Rober t  J .  Mackin Jr. t o  t h e  p o s t  of  manager of J P L ' s  Space 

Sc iences  D i v i s i o n .  

D r .  Mackin succeeds  D r .  Donald P .  Burcham who h a s  been 

named r e s e a r c h  and advanced development manager f o r  space  science 

i n  t h e  L a b o r a t o r y ' s  O f f i c e  o f  Research and Advanced Development. 

A n a t i v e  o f  L i t t l e  Rock, Arkansas ,  D r .  Mackin was 

g radua ted  from Yale U n i v e r s i t y  i n  1949 w i t h  a B a c h e l o r ' s  deg ree  

i n  e l e c t r i c a l  e n g i n e e r i n g .  H e  r e c e i v e d  h i s  M.S. deg ree  i n  1951 

and Doc to ra t e  i n  p h y s i c s  i n  1953, b o t h  from t h e  C a l i f o r n i a  I n s t i t u t e  

o f  Technology. 

D r .  Mackin j o i n e d  J P L  i n  1962 a s  manager of  t h e  Phys ic s  

S e c t i o n .  H e  h a s  se rved  a s  manager o f  t h e  Lunar and P l a n e t a r y  

Sc iences  S e c t i o n  and Space Sc iences  D i v i s i o n  r e p r e s e n t a t i v e  f o r  

r e s e a r c h  and advanced development.  

P r i o r  t o  j o i n i n g  JPL, he was w i t h  t h e  O f f i c e  of  Naval 

Research ,  Washington, D .  C . ,  1954-56, and t h e  C o n t r o l l e d  Thermonuclear 

D i v i s i o n ,  Oak Ridge N a t i o n a l  Labora to ry ,  1956-62. D r .  Mackin has  

au tho red  numerous a r t i c l e s  on expe r imen ta l  n u c l e a r  p h y s i c s ,  plasma 

p h y s i c s  and c o n t r o l l e d  thermonuclear  research ,  and a book on p l a n e t a r y  

s c i e n c e .  

-more- 
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D r .  Burcham, a n a t i v e  of P o r t l a n d ,  Oregon, was g radua ted  

from Reed Co l l ege ,  P o r t l a n d ,  i n  1937, w i t h  a b a c h e l o r ' s  deg ree  i n  

p h y s i c s .  H e  ea rned  h i s  Ph.D.  i n  p h y s i c s  a t  t h e  U n i v e r s i t y  of 

Washington i n  1942. 

Before j o i n i n g  J P L  i n  1963, D r .  Burcham was w i t h  t h e  

U. S.  Navy Bureau of Ordnance, U n i v e r s i t y  of  Washington Applied 

Phys ic s  Labora to ry ,  Na t iona l  Bureau of S tanda rds  and Emerson Research 

L a b o r a t o r i e s .  H e  was p r e s i d e n t  and board  chairman of Aerolab 

Development Company of  Pasadena, C a l i f . ,  from 1961 t o  1963. 

D r .  Burcham managed advanced Mariner p r o j e c t s  f o r  J P L  

and t h e  Advanced P l a n e t a r y  Missions Technology Off i ce .  More 

r e c e n t l y  he h a s  se rved  a s  deputy  manager and manager of  t h e  

Space Sc iences  D i v i s i o n .  

D r .  Mackin, f a t h e r  of two, r e s i d e s  i n  Pasadena. 

D r .  Burcham, h i s  w i f e  and t w o  c h i l d r e n  l i v e  i n  La Canada, C a l i f .  

The Burchams a l s o  have a marr ied  daugh te r  and a g r a n d c h i l d .  

#### 
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DECEPTION ISLAND 

PASADENA, C a l i f . - - L i f e  overcomes l a v a ,  b u t  i t  i s  a slow 

p r o c e s s ,  a s o i l  s c i e n t i s t  o f  C a l t e c h ' s  J e t  P ropu l s ion  Labora tory  

v e r i f i e d  t h i s  week i n  a r e p o r t  on volcano- torn  Decept ion I s l a n d .  

During a six-week f i e l d  t r i p  t o  t h e  A n t a r c t i c  i s l a n d ,  

D r .  Roy E .  Cameron found t h a t  a l g a e , f u n g i  and t i n y  b a c t e r i a  w e r e  

beg inn ing  t o  grow w i t h i n  a y e a r  o r  13  months of heavy ea r thquake  

and v o l c a n i c  a c t i o n .  

Cameron and D r .  Rober t  Benoi t  found t h e  microscopic  

ev idence  i n  t h e  l a v a  r u b b l e  near  t h e  center  o f  t h e  s m a l l  i s l a n d  

which was r e n t  by v o l c a n i c  b l a s t s  on D e c .  4 ,  1967.  

And they  g o t  o u t  w i t h  t h e  ev idence  j u s t  i n  t i m e .  S h o r t l y  

a f t e r  t h e  s c i e n t i s t s  l e f t  l a s t  February ,  t h e  i s l a n d  was h i t  by  

a new e r u p t i o n  which f o r c e d  e v a c u a t i o n  o f  B r i t i s h  and Ch i l ean  

e x p l o r a t i o n  b a s e s .  

Decept ion  I s l a n d ,  o n l y  8 by 10 m i l e s  i n  d imens ion ,  i s  a t  

t h e  t i p  o f  t h e  A n t a r c t i c  Pen insu la  which ex tends  t o  w i t h i n  1 , 0 0 0  

m i l e s  of  t h e  s o u t h e r n  t i p  o f  South America. Argent ina a l s o  ma in ta ins  

a weather  s t a t i o n  and s c i e n t i f i c  base  on t h e  i n t e r n a t i o n a l  i s l a n d .  

Cameron and B e n o i t ,  a b i o l o g i s t  from V i r g i n i a  P o l y t e c h n i c  

I n s t i t u t e ,  b r o u g h t  back  19  samples o f  Decept ion  I s l a n d  s o i l  w i t h  

microorganisms o f  some s o r t .  E i g h t  ounces of each  sample a re  

under c u l t u r e  t o  see what deve lops  i n  JPL's s o i l  s c i e n c e  l a b o r a t o r y .  

This  was Cameron's t h i r d  f i e l d  t r i p  t o  t h e  A n t a r c t i c .  H i s  

p r e v i o u s  e f f o r t s  have been t o  c o l l e c t  f r o z e n  s o i l  samples t o  de te rmine  

p o s s i b l e  l i f e  forms on Mars, which i s  b e l i e v e d  t o  resemble A n t a r c t i c a .  

-more- 
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Cameron r e p o r t e d  t h e r e  was no v i s i b l e  p l a n t  l i f e  growing 

on t h e  v o l c a n i c  s l o p e s ,  b u t  m a r i n e  a l g a e  w e r e  found w i t h i n  t h e  

t h r e e  main c r a t e r s  on t h e  i s l a n d .  Most of t h e  v i a b l e  samples 

w e r e  g a t h e r e d  from around fumaroles  ( s team v e n t s )  , where t empera tu res  

of 170 t o  210 d e g r e e s ,  F a h r e n h e i t ,  w e r e  r e g i s t e r e d .  

These c o n t a i n e d  minute ,  c o l o r e d  b a c t e r i a  c a l l e d  thermo- 

p h i l e s  o r  ac t inomycetes ,  which a d a p t  w e l l  t o  h i g h  t empera tu res .  

The s c i e n t i s t s  made o t h e r  i n t e r e s t i n g  o b s e r v a t i o n s .  

Desp i t e  g e n e r a l l y  f r e e z i n g  a i r  t e m p e r a t u r e s ,  t h e  w a t e r s  around 

t h e  i s l a n d  s t i l l  b o i l e d  o c c a s i o n a l l y .  P e t r e l s  w e r e  observed 

hove r ing  and p lung ing  i n t o  t h e  s e a  f o r  a d i n n e r  o f  n a t u r e ' s  home- 

cooking-- f r ied  shr imp.  

A few Weddell s e a l s  f r e q u e n t e d  t h e  beaches .  Thei r  c o a t s  

w e r e  yel lowed by t h e  s u l f u r o u s  w a t e r .  Ch in - s t r ap  and Gentoo 

penguins  w e r e  found w i t h  b l i s t e r e d  f e e t .  

Cameron and h i s  c o - i n v e s t i g a t o r  a l s o  c o l l e c t e d  g a s  

samples and made t empera tu re ,  humidi ty ,  wind and s o l a r  r a d i a t i o n  

measurements i n  t h e i r  s i x  w e e k s  i n  t h e  c a l d e r a ,  o r  v o l c a n i c  

h e a r t l a n d ,  of  t h e  l o n e l y  i s l a n d .  Winds reached  v e l o c i t i e s  of  65 

t o  90 m i l e s  p e r  hour .  

The 1967 volcano-ear thquake pushed up an oval-shaped 

i s l a n d  of  c i n d e r  cones  i n  Decep t ion ' s  c e n t e r  which t h e  C h i l e a n s  

named "Yelcho" a f t e r  t h e  v e s s e l  which evacuated  them fo l lowing  t h e  

e r u p t i o n .  Cameron d e s c r i b e s  t h e  i n n e r  i s l a n d ,  a 3/4-mile s t r i p  i n  

a semi-lagoon, a s  "a  l u n a r - l i k e  t e r r a i n  of c i n d e r s ,  a s h  and crumbly 

l a v a .  I' 

-more- 
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This  r e s e a r c h  t r i p  was sponsored by t h e  N a t i o n a l  S c i e n c e  

The i n v e s t i g a t o r s  w e r e  t aken  t o  t h e  i s l a n d  by t h e  Foundat ion.  

r e s e a r c h  s h i p  RV Hero, o p e r a t e d  by t h e  NSF. 

a m i c r o b i o l o g i c a l  l a b o r a t o r y .  While on t h e  i s l a E d ,  t h e  s c i e n t i s t s  

l i v e d  i n  an abandoned w h a l e r s '  h u t .  

The NSF a l s o  f u r n i s h e d  

LIFE GOES ON: Desp i t e  vo lcanos ,  Weddell s e a l s  s t i l l  c o n t i n u e  t o  
make Decept ion I s l a n d ,  on t h e  f r i n g e  o f  A n t a r c t i c a ,  a c a l l i n g  
s t a t i o n .  D r .  Roy E .  Cameron o f  C a l t e c h ' s  Je t  P ropu l s ion  Labora tory  
who took  t h i s  p i c t u r e ,  found l i f e  goes on d e s p i t e  l a v a .  Shown 
he re  i s  D r .  Rober t  Beno i t ,  of V i r g i n i a  Po ly techn ic  I n s t i t u t e ,  
Cameron's c o - i n v e s t i g a t o r  of  l i f e  forms i n  A n t a r t i c a .  The i r  
s t u d i e s  a r e  connec ted  w i t h  J P L ' s  c o n t i n u i n g  comparison w i t h  
p o s s i b l e  l i f e  on h a r s h e r  p l a n e t s  f o r  t h e  Na t iona l  Aeronau t i c s  and 
Space Admin i s t r a t ion .  
Na t iona l  Sc ience  Foundat ion.  

The Decept ion t r i p  was sponsored by the  

BB-5 19-5/22/69 
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Two Mariner s p a c e c r a f t  e n r o u t e  t o  Mars logged a combined 

t o t a l  o f  272,363,358 m i l e s  o f  space t r a v e l  a t  noon today w i t h  167 

- m i l l i o n  miles--and 8 weeks--to go t o  Mars encoun te r .  

Mariner V I  i s  21 ,731 ,091 m i l e s  from E a r t h  and w i l l  f l y  

p a s t  Mars--at i t s  p o i n t  of closest  approach--at  10:18 p.m., PDT, 

J u l y  30, a f t e r  t r a v e l i n g  241,838,160 m i l e s  s i n c e  launch l a s t  

February 24. 

Mariner V I 1  i s  19 ,526 ,893  m i l e s  from E a r t h  and w i l l  f l y  

p a s t  Mars a t  1O:OO p.m., PDT, August 4 .  Its t o t a l  t r a v e l  d i s t a n c e  

w i l l  be 197,137,830 miles.  A t  noon today i t  had covered  110,808,438 

m i l e s  s i n c e  launch  on March 27. 

The d i s t a n c e  from Mars t o  E a r t h  a t  encoun te r  w i l l  be 

approximate ly  60 m i l l i o n  m i l e s .  

Each of  t h e  850 pound s p a c e c r a f t  a r e  i d e n t i c a l l y  equipped 

w i t h  two t e l e v i s i o n  cameras t o  photograph Mars a t  medium and h i g h  

r e s o l u t i o n  and w i t h  i n s t r u m e n t s  t o  measure t h e  tempera ture  of t h e  

s u r f a c e  and t o  de te rmine  t h e  composi t ion  of t h e  upper and l o w e r  

atmosphere.  Atmospheric d e n s i t y  w i l l  a l s o  be measured by  t r a n s -  

m i t t i n g  t h e  s p a c e c r a f t  r a d i o  s i g n a l  through t h e  atmosphere of 

M a r s  a s  t h e  s p a c e c r a f t c u r v e s  beh ind  the  p l a n e t .  

The f i r s t  d a t a  on Mars w i l l  be t r a n s m i t t e d  t o  E a r t h  on 

t h e  n i g h t  of  J u l y  29 i n  t h e  form of  33 p i c t u r e s  of  t h e  f u l l  d i s c  
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o f  t h e  p l a n e t  taken by Mariner V I  d u r i n g  i t s  approach t o  Mars. 

The pictures  w i l l  be s t o r e d  on a t ape  r e c o r d e r  i n  t h e  

s p a c e c r a f t  and p layed  back when Mariner V I  i s  over t he  210-foot d iameter  

communications antenna a t  t h e  Goldstone s t a t i o n  of t h e  D e e p  Space 

N e t  i n  t h e  C a l i f o r n i a  Mojave d e s e r t .  (Add i t iona l  p i c t u r e s  a r e  then  

recorded  on t h e  t a p e . )  U s e  of the  s e n s i t i v e  210-foot antenna w i l l  

a l low t r ansmiss ion  of one p i c t u r e  each f i v e  m i n u t e s  a t  a r a t e  of 

16,200 b i t s  p e r  second. By comparison i t  r e q u i r e d  8% hours  t o  

t r a n s m i t  each p i c t u r e  from Mars i n  1965. 

The two s p a c e c r a f t  a r e  programed t o  r e t u r n  a t o t a l  of 

141 p i c t u r e s  of t h e  d i s c  of Mars i n  f i v e  t r ansmiss ion  s e s s i o n s  

a s  they  approach Mars. When t h e  s p a c e c r a f t  f l y  p a s t  Mars the  t a p e  

r e c o r d e r s  w i l l  then  s t o r e  24 s u r f a c e  p i c t u r e s  f o r  each s p a c e c r a f t  

and sc i ence  d a t a  from t h e  o t h e r  i n s t rumen t s .  These w i l l  be t r a n s -  

m i t t e d  t o  E a r t h  when t h e  s p a c e c r a f t  have gone beyond Mars. 

The 1965 p i c t u r e s  con ta ined  240,000 b i t s  each compared 

wi th  3,900,000 b i t s  f o r  t h e  p i c t u r e s  expec ted  from t h e  c u r r e n t  

miss ions .  

521-5/29/69 
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( E d i t o r s :  This  s t o r y  on t h e  U l t r a v i o l e t  Spectrometer  i s  
ano the r  i n  a series on t h e  s c i e n t i f i c  exper iments  aboard Mariner 
s p a c e c r a f t  a t  Mars t h i s  summer.) 

PASADENA, Calif--Did Mars evolve  l i k e  t h e  E a r t h  and 

how o l d  i s  t h e  r ed  p l a n e t ?  

These q u e s t i o n s  may be answered i n  p a r t  by t h e  u l t r a v i o l e t  

spec t rometer  i n s t r u m e n t s  aboard the  Mariner ' 6 9  s p a c e c r a f t  headed 

f o r  Mars and l i g h t  wavelength tes ts  of t h a t  p l a n e t ' s  upper atmosphere 

l a t e  i n  J u l y  and e a r l y  i n  August. 

The i n s t r u m e n t s  a r e  designed t o  i d e n t i f y  g a s e s  i n  r e g i o n s  

60 t o  600 m i l e s  o u t  from Mars, w i t h  a c l o s e s t  approach by t h e  

s p a c e c r a f t  of about  2 ,000  m i l e s  from t h e  p l a n e t .  The u l t r a v i o l e t  

spec t rometer  (UVS) i d e n t i f i e s  molecules ,  atoms and i o n s  by t h e  

wavelengths  of l i g h t  t h a t  they  absorb  o r  e m i t .  Ions  a r e  molecules  

o r  atoms t h a t  have ga ined  o r  l o s t  e l e c t r o n s - - t h a t  i s ,  charged 

p a r t i c l e s .  

Mariner s c i e n t i s t s  hope t h a t  i d e n t i f i c a t i o n  of gases-- 

p r i n c i p a l l y  oxygen, n i t r o g e n ,  and perhaps  hydrogen--may h e l p  t o  

determine whether t h e  Mart ian atmosphere r e s u l t e d  from condensa t ion  

of solar m a t e r i a l ,  o r  f r a n  gases  r e l e a s e d  by t h e  p l a n e t  i t s e l f ,  

or a corribination of t h e  two p r o c e s s e s .  

The composi t ion and o r i g i n  of t h e  upper atmosphere could  

p rov ide  c l u e s  t o  the  age and e v o l u t i o n  of t h e  p l a n e t ,  D r .  C .  A .  Bar th ,  

of t h e  U n i v e r s i t y  of Colorado,  s a y s .  D r .  Bar th  i s  t h e  p r i n c i p a l  

i n v e s t i g a t o r  f o r  t h e  UVS exper iment ,  one of  s e v e r a l  Mariner 

s c i e n t i f i c  probes  des igned  fo r  NASA by C a l t e c h ' s  J e t  P ropu l s ion  

Labora tory .  
-more- 
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U l t r a v i o l e t  s t u d i e s  o f  Mars have n o t  been made from E a r t h  

because  u l t r a v i o l e t  r a y s  canno t  p e n e t r a t e  our  a tmosphere.  B r i e f  

s t u d i e s  have been made above t h e  atmosphere from b a l l o o n s  and sounding 

r o c k e t s .  The 1969 mis s ion  marks t h e  f i r s t  a t t e m p t  t o  u s e  a UV 

spec t romete r  t o  i d e n t i f y  g a s e s  around Mars. 

A f t e r  Mar iner  IV's 1965 photographs  of Mars, s c i e n t i s t s  

tend  t o  b e l i e v e  t h a t  t h e  p l a n e t  i s  o l d e r  and much d r i e r  than  E a r t h .  

Study o f  t h e  atmosphere by b o t h  u l t r a v i o l e t  and i n f r a r e d  s p e c t r o m e t e r s  

aboard  Mariner ' 6 9  s p a c e c r a f t  can  a i d  i n  de t e rmin ing  t h e  environment  

i n  which l i f e  forms,  i f  p r e s e n t  on Mar?, would have t o  e x i s t .  

The UV spec t romete r  w i l l  measure t h e  amount and d i s t r i b u t i o n  

o f  a tomic  and d i a tomic  e l emen t s  i n  t h e  upper atmosphere--with 

p a r t i c u l a r  stress on compounds c o n t a i n i n g  ca rbon ,  oxygen, n i t r o g e n  

and hydrogen. 

Hydrogen and oxygen atoms can  be i d e n t i f i e d  o n l y  by 

u l t r a v i o l e t  l i g h t ,  which h a s  a s h o r t e r  wavelength t h a n  i n f r a r e d .  

Ozone, Ba r th  f e e l s ,  may be t h e  key t o  t h e  r i d d l e  of  

e v o l u t i o n  of l i f e  on Mars. The P resence  o f  t h i s  oxygen-bearing 

gas  above c r a t e r s  o r  lowlands ,  he s a y s ,  would i n d i c a t e  p robab le  

p re sence  of oxygen molecules .  The W spec t romete r  i s  so s e n s i t i v e  

t h a t  i t  can  d e t e c t  ozone down t o  one-thousandth o f  t h e  amount found 

i n  E a r t h ' s  upper a tmosphere.  

A l a c k  of  oxygen would f o r c e  any forms of l i f e  on Mars 

t o  deve lop  some means o f  o b t a i n i n g  oxygen o t h e r  t h a n  from t h e  

atmosphere.  I f  t h e r e  i s  no ozone l a y e r  such a s  E a r t h  h a s , t o  f i l t e r  

o u t  dead ly  u l t r a v i o l e t  wavelengths ,  l i v i n g  organisms would need 

s p e c i a l  p r o t e c t i v e  d e v i c e s ,  o r  have t o  l i v e  underground. 

-more- 
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The d i s t r i b u t i o n  o f  a tomic hydrogen and wa te r  vapor  a l s o  

w i l l  be an  impor t an t  measurement of  t h e  UV i n s t r u m e n t .  On Mars, 

Ba r th  p o i n t s  o u t ,  t h e  r e l e a s e  of wa te r  vapor may be c o n t r o l e d  by 

m e l t i n g  of  t h e  p o l a r  ice c a p s ,  even though t h e y  appear  t o  be carbon 

d i o x i d e .  The i n v e s t i g a t o r  b e l i e v e s  it p robab le  t h a t  hydrogen atoms 

w i l l  be found i n  t h e  thermosphere--the 60 t o  300-mile range  above 

Mars. 

The r a t e  of e v a p o r a t i o n  on Mars- -s l igh t  a s  i t  may prove  

t o  be--can be de termined  by t h e  d e n s i t y  and t empera tu re  of t h e  

thermosphere,  Bar th  adds .  The UV spec t romete r  i s  des igned  t o  

p rov ide  such d a t a ,  p l u s  i n f o r m a t i o n  on atomspheric p r e s s u r e ,  t h e  amount 

of charged  p a r t i c l e s  s t r i k i n g  t h e  p l a n e t ' s  s u r f a c e ,  and t h e  i n t e n s i t y  

of  t h e  Mar t ian  dayglow. 

I f  t h e  atmosphere of Mars i s  t h e  remnant of a p r i m o r d i a l  

g a s  t h a t  formed t h e  s o l a r  sys tem,  i t  would c o n t a i n  on ly  abou t  15  

per c e n t  n i t r o g e n  compared w i t h  t h e  7 8  p e r  c e n t  found i n  E a r t h ' s  

a tmosphere,  Bar th  s a y s .  Moreover, i f  Mars h a s  o u t g a s s e d o r  e r u p t e d  

from t h e  i n t e r i o r  a s  E a r t h  h a s ,  i t  may have a s  l i t t l e  as  7 p e r  c e n t  

n i t r o g e n ,  he adds .  That ,  t o o ,  cou ld  accoun t  f o r  t h e  b u l k  of  t h e  atmos- 

phere  b e i n g  carbon d i o x i d e ,  a s  a p p e a r s  t o  be t h e  c a s e .  

A d e f i c i e n c y  of n i t r o g e n  would make it d i f f i c u l t  t o  form 

amino a c i d s  c o n s i d e r e d  necessa ry  t o  o r i g i n a t e  l i f e  a s  w e  know it  

h e r e  on E a r t h .  

The a tmospher ic  d e n s i t y  may be best  measured i n  t h e  t w i l i g h t  

zone a s  t h e  Mariners f l y  pas t  t h e  s u n s e t  ( t e r m i n a t o r )  l i n e  on Mars. 

The amount o f  l i g h t  r e f l e c t e d  beyond t h e  t e r m i n a t o r  cou ld  i n d i c a t e  

t h e  d e n s i t y  o f  t h e  p l a n e t ' s  lower atmosphere.  

-more - 
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Such d a t a  would complement t h e  Mariner r a d i o  s i g n a l  

o c c u l t a t i o n  t e s t ,  designed t o  r e f i n e  t h e  1965 f i g u r e s  f o r  Mars' 

s u r f a c e  p r e s s u r e  and a l t i t u d e s .  Mariner IV r a d i o  o c c u l t a t i o n  

experiments  i n d i c a t e d  Mars has  a very  t h i n  atmosphere,  w i t h  a 

s u r f a c e  p r e s s u r e  of 4 t o  10 m i l l i b a r s ,  on ly  1/100th t h a t  of E a r t h .  

S c i e n t i s t s  b e l i e v e  t h a t  carbon d iox ide  i s  the  most abundant e l e m e n t  

i n  t h e  Mart ian atmosphere.  

The u l t r a v i o l e t  spec t rometer  w i l l  s t a r t  looking  a t  Mars' 

atmosphere i n  the  600 t o  625 m i l e  range above t h e  p l a n e t  a s  near  

encounter  b e g i n s .  A s  t h e  Mariners  f l y  c l o s e r ,  t h e  in s t rumen t s  

w i l l  measure t h e  u l t r a v i o l e t  l i g h t  from the  a i r  down t o  w i t h i n  

60 m i l e s  of t h e  Mars s u r f a c e .  

The W spec t rometer  weighs 35 pounds and u s e s  15 w a t t s  

of power. I t  was b u i l t  f o r  J P L  and NASA by t h e  Laboratory f o r  

Atmospheric and Space Phys ic s ,  U n i v e r s i t y  of Colorado. D r .  Bar th  

i s  s c i e n t i f i c  d i r e c t o r  of t h e  Colorado l a b o r a t o r y .  

The spec t romete r s  w e r e  designed by K e r m i t  Gause, c h i e f  

eng inee r  of t h e  Colorado l a b o r a t o r y .  Each i n s t r u m e n t  was ground 

o u t  of a s o l i d  145-pound b lock  of aluminum and c a r e f u l l y  machined 

over a 20-week p e r i o d .  

Each i n s t r u m e n t  employs a smal l  t e l e c o p e ,  focus ing  

m i r r o r s ,  s l i t s  and mic roscop ica l ly  grooved g r a t i n g s  t h a t  d i f f r a c t  

incoming l i g h t  i n t o  s e p a r a t e ,  u l t r a v i o l e t  wavelengths .  There a r e  

2 ,160  r u l e s  o r  l i n e  p e r  m i l l i m e t e r  on t h e s e  moving g r a t i n g s .  

-more- 
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Each spec t rometer  has  two d e t e c t o r s - - a c u t e l y  s e n s i t i v e  

p h o t o - m u l i t p l i e r  t u b e s  designed t o  r eco rd  wavelengths i n  t h e  1100 

t o  2150 and t h e  1900 t o  4350 angstrom r e g i o n s .  (An angstrom i s  

10/1,00O,OOOth of a m i l l i m e t e r .  ) 

The d e t e c t o r s  c o n v e r t  t h e  l i g h t  impulses t o  v o l t a g e s ,  

which a r e  p rocessed  and s t o r e d  by an  on-board t ape  r e c o r d e r  f o r  

t r ansmiss ion  t o  E a r t h .  Some d a t a  w i l l  be t r a n s m i t t e d  d u r i n g  the  

encounter  phase of t h e  mission b u t  most of i t  w i l l  be r ad ioed  

back l a t e r  

D r .  B a r t h ' s  c o - i n v e s t i g a t o r s  a r e  William G .  F a s t i e ,  

Johns Hopkins U n i v e r s i t y ;  Gause, Fred C.  Wilshusen, K e n  Ke l ly ,  

Ray Ruehle, J e f f r y  B .  Pearce ,  Char l e s  W.  Hord, a l l  U n i v e r s i t y  of 

Colorado; and Edward F .  Mackey, Packard-Bell  E l e c t r o n i c s .  The J P L  

experiment  r e p r e s e n t a t i v e  i s  Ode11 Raper. 

#### 
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PHOTO CAPTION P-9455 

FINE-TUNED FOR MARS: This  u l t r a v i o l e t  spec t romete r ,  which w i l l  i d e n t i f y  
gases  i n  t h e  Mart ian atmosphere t h i s  summer, undergoes i n s p e c t i o n  i n  t he  
U n i v e r s i t y  of Co lo rado ' s  Labora tory  f o r  Atmospheric and Space Phys ics  
p r i o r  t o  i n s t a l l a t i o n  on Mariner V I  and VI1 s p a c e c r a f t .  A t  r i g h t  i s  
D r .  C .  A .  B a r t h ,  l a b o r a t o r y  d i r e c t o r ,  who heads t h e  W spec t rometer  
experiment  f o r  t h e  Na t iona l  Aeronaut ics  and Space A d m i n i s t r a t i o n ' s  1969 
Mars p r o j e c t ,  conducted by C a l t e c h ' s  J e t  P ropu l s ion  Labora tory .  A t  
l e f t  i s  James D .  Cunningham, eng inee r ing  d i r e c t o r  of the  Colorado 
l a b o r a t o r y  which machined the  instrument  o u t  of a s o l i d  140-pound b lock  
of aluminum s i m i l a r  t o  t h e  one shown here. 
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D r .  Wil l iam H. P i c k e r i n g ,  d i r e c t o r  o f  t h e  C a l i f o r n i a  

I n s t i t u t e  o f  Technology J e t  P r o p u l s i o n  Labora tory  today  announced 

t h e  appointment  of  D r .  C la rence  R .  Gates  a s  manager of  J P L ' s  

newly -es t ab l i shed  Miss ion  Ana lys i s  D i v i s i o n .  

The new d i v i s i o n  i n i t i a l l y  w i l l  be comprised of t h e  

e x i s t i n g  Systems A n a l y s i s  and Systems Ana lys i s  Research s e c t i o n s  

and t h e  J P L  Naviga t ion  Program which D r .  Gates  headed s i n c e  i t  

was e s t a b l i s h e d  l a s t  y e a r .  

Tom W .  Hamilton has  been named t o  succeed D r .  Gates  a s  

manager o f  t h e  J P L  Naviga t ion  Program. 

The d i v i s i o n  w i l l  deve lop  and apply  modern systems 

a n a l y s i s  technology t o  a wide range  o f  a r e a s ,  and w i l l  c o n t i n u e  t h e  

space  n a v i g a t i o n  and c e l e s t i a l  mechanics e f f o r t s  of t h e  Labora tory .  

D r .  Ga te s ,  a n a t i v e  o f  I l l i n o i s ,  was g radua ted  from t h e  

U n i v e r s i t y  of Oklahoma i n  1947 w i t h  a B a c h e l o r ' s  deg ree  i n  e l e c t r i c a l  

e n g i n e e r i n g ,  and r e c e i v e d  h i s  Ph.D. i n  e l e c t r i c a l  e n g i n e e r i n g  and 

mathematics from C a l t e c h  i n  1951. H i s  r e s e a r c h  a t  C a l t e c h  was 

performed under D r .  P i c k e r i n g .  

D r .  Gates  j o i n e d  J P L  i n  1950,  and h i s  a c t i v i t i e s  t h e r e  

have inc luded  r e l i a b i l i t y ,  communication t h e o r y ,  miss i le  gu idance ,  

space  n a v i g a t i o n ,  s p a c e c r a f t  d e s i g n ,  and systems technology.  H e  h a s  

l e c t u r e d  and p u b l i s h e d  e x t e n s i v e l y  i n  t h e  f i e l d s  of space guidance 

and a p p l i e d  c e l e s t i a l  mechanics.  

-more- 
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P r i o r  t o  h i s  c u r r e n t  appointment  D r .  Gates h a s  been 

manager of t h e  Systems Ana lys i s  S e c t i o n ,  manager of t h e  J P L  

Naviga t ion  Program, and manager of t h e  Systems D i v i s i o n .  

Hamilton j o i n e d  JPL i n  1952 immediately fo l lowing  h i s  

g r a d u a t i o n  from C a l t e c h  where h e  was awarded t h e  B a c h e l o r ' s  deg ree  

i n  p h y s i c s .  H e  h a s  performed guidance  and mis s ion  a n a l y s i s  f o r  

a l l  J P L  f l i g h t  p r o j e c t s  f o r  NASA and f o r  mi s s i l e  systems d u r i n g  

J P L ' s  a s s o c i a t i o n  w i t h  t h e  U.  S. Army. 

Hamilton, who was bo rn  i n  Evergreen Park ,  I l l i n o i s ,  i n  

1931, had se rved  a s  manager of t h e  L a b o r a t o r y ' s  Systems Ana lys i s  

S e c t i o n  and a c t i n g  a s s i s t a n t  manpger o f  t h e  Systems D i v i s i o n  

p r i o r  t o  h i s  c u r r e n t  appointment .  

D r .  G a t e s ,  h i s  w i f e , B e t t y ,  and two c h i l d r e n  r e s i d e  i n  

Pasadena. Hamilton, h i s  w i f e  and two c h i l d r e n  r e s i d e  i n  Al tadena .  

##### 
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( E d i t o r s :  This  s t o r y  on t h e  Radio O c c u l t a t i o n  experiment  i s  
ano the r  i n  a ser ies  on s c i e n t i f i c  g o a l s  of t he  Mariner s p a c e c r a f t  
a t  Mars t h i s  summer.) 

PASADENA, Calif.--The atmosphere a t  t h e  s u r f a c e  of  Mars 

i s  perhaps  a s  t h i n  a s  E a r t h ' s  atmosphere a t  over  100,000 f e e t ,  o r  

34 t i m e s  h ighe r  t han  Mount E v e r e s t .  

And Mariner ' 6 9  s c i e n t i s t s  a t  C a l t e c h ' s  J e t  P ropu l s ion  

Laboratory hope t o  knock t h e  "perhaps"  o u t  of t h a t  statement--one 

way o r  a n o t h e r - - t h i s  summer. They w i l l  use  t h e  same experiment-- 

S-band r a d i o  o c c u l t a t i o n - - t h a t  f i r s t  produced t h i s  s u r p r i s i n g  d a t a  

on t h e  Mariner I V  f l i g h t  i n  1965. 

That experiment  f i x e d  Mart ian s u r f a c e  p r e s s u r e  i n  t h e  very  

low range  of 4 t o  10 m i l l i b a r s .  This  cor responds  w i t h  E a r t h  atmospheric  

p r e s s u r e s  a t  a l t i t u d e s  from 102,000 t o  115,000 f ee t .  Atmospheric 

p r e s s u r e  on E a r t h ' s  s u r f a c e  i s  1 , 0 0 0  m i l l i b a r s .  I n  s h o r t ,  Mar t ian  

atmospheric  d e n s i t y  appeared t o  be on ly  one-hundredth t h a t  of E a r t h .  

This  y e a r ' s  t w i n  s p a c e c r a f t  r a d i o  experiment  w i l l  t r y  t o  

p i n p o i n t  s u r f a c e  p r e s s u r e s ,  p rov ide  new a l t i t u d e  r e a d i n g s ,  and 

remeasure t h e  r a d i u s  of Mars. Both Mar ine r s ' a r e  scheduled t o  f l y  

w i t h i n  2,000 m i l e s  of t h e  r e d  p l a n e t  about  August 1. 

The 1965 o c c u l t a t i o n  exper iments  a l s o  i d i c a t e d  Mars has  

mountains.  There was a h e i g h t  d i f f e r e n t i a l  of 16,500 f e e t  ( f i v e  

k i l o m e t e r s )  between t h e  sou the rn  hemisphere p o i n t  where Mariner I V  

passed behind t h e  p l a n e t  and t h e  n o r t h e r n  hemisphere s p o t  i t  emerged. 

Radius of Mars was c a l c u l a t e d  a t  3,384 and 3,379 k i l o m e t e r s  

a t  t hose  p o i n t s .  This  i s  about  2 ,115 m i l e s ,  o r  a d iameter  of 4 ,230 

miles--6/10 t h a t  of E a r t h .  

-more- 
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The manner i n  which d e n s i t y  v a r i e d  w i t h  h e i g h t  i n d i c a t e d  

t h e  Mar t ian  atmosphere was composed predominant ly  of carbon d ioxide .  

And t empera tu res  n e a r  t h e  s u r f a c e  w e r e  i n f e r r e d  t o  be a c h i l l y  -35 

t o  -140 d e g r e e s ,  F a h r e n h e i t .  

D r .  Arvydas J. Kliore  o f  J P L  a g a i n h e a d s t h e  Mar iner  r a d i o  

o c c u l t a t i o n  t e a m  fo r  t h e  N a t i o n a l  Aeronau t i c s  and Space Admin i s t r a t ion  

p ro jec t .  He w i l l  be a s s i s t e d  by D r .  S.  I .  R a s o o l ,  Goddard I n s t i t u t e  

f o r  Space S t u d i e s ;  D r .  Gunnar F j e l d b o ,  and B o r i s  S e i d e l ,  b o t h  o f  J P L .  

The o c c u l t a t i o n  experiment  r e q u i r e s  no  o t h e r  i n s t r u m e n t s  

t h a n  t h e  s p a c e c r a f t  r a d i o  and E a r t h  t r a c k i n g  s t a t i o n  receivers.  I t  

does  r e q u i r e  a t r a j e c t o r y  t h a t  p a s s e s  behind  Mars, so  t h a t  t h e  

p l a n e t  c u t s  o f f  t h e  s p a c e c r a f t  f r o m  t h e  view of  t h e  NASA-JPL 

t r a c k i n g  network. 

A s  each  Mariner  c u r v e s  behind  Mars, i t s  r a d i o  s i g n a l  w i l l  

p a s s  th rough t h e  Mar t ian  atmosphere and be c u t  o f f  a t  t h e  s u r f a c e .  

The s i g n a l  w i l l  r eappea r  20 minutes  l a t e r  from t h e  f i r s t  s p a c e c r a f t  

and 40 minutes  l a t e r  f r o m  t h e  second a s  each  emerges from t h e  

Mar t ian  shadow. 

Each c r a f t  w i l l  f l y  6 ,000 t o  10,000 m i l e s  beh ind  t h e  

p l a n e t  a f t e r  coming w i t h i n  2,000 m i l e s  o f  t h e  v i s i b l e  f a c e .  The 

1965 o c c u l t a t i o n  l a s t e d  54 minutes ,  w i t h  Mariner I V  swinging 16 ,000  

m i l e s  beh ind  Mars a f t e r  a n e a r e s t  approach of 6 ,000 m i l e s .  

The atmosphere w i l l  r e f r a c t  t h e  r a d i o  waves, changing them 

i n  frequency and s t r e n g t h .  (The s p a c e c r a f t  S-band t r a n s m i t t e r s  o p e r a t e  

a t  a normal f requency  of  2195 megacycles . )  Measurements on E a r t h  

o f  t h e s e  changes i n  t h e  r a d i o  s i g n a l  y i e l d  t h e  d a t a  on t h e  d e n s i t y  

and p r e s s u r e  o f  t h e  atmosphere.  

-more- 
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The s i g n a l  w i l l  a l s o  be a f f e c t e d  by t h e  e l e c t r o n  d e n s i t y  of  

Mar t i an  atmosphere,  which i s  expected t o  be up t o  four  times a s  heavy as 

1965 v a l u e s  because of i n c r e a s e d  s o l a r  a c t i v i t y  t h i s  summer. E l e c t r o n  

d e n s i t y  i n  1965 was found t o  be one- ten th  of t h e  maximum of t h e  

E a r t h ' s  ionosphere .  

I f  bo th  Mariners  ' 6 9  a r e  s u c c e s f u l ,  K l io re  and h i s  co- 

expe r imen te r s  w i l l  have four  new se t s  of measurements t o  compare w i t h  

1965 o c c u l t a t i o n  f i g u r e s .  The planned t r a j e c t o r i e s - - o n e  a c r o s s  the  

e q u a t o r i a l  f a c e ,  t h e  o t h e r  c l o s e  t o  t h e  Martian p o l e s - - w i l l  p rov ide  

f o u r  p o i n t s  (two e n t r a n c e ,  two e x i t )  e n t i r e l y  d i f f e r e n t  from t h e  

1965 e n t r a n c e  and e x i t  s i t e s .  

The exper iments  a l s o  should h e l p  t o  determine t h e  o b l a t e n e s s  

of Mars--that i s ,  how much it i s  f l a t t e n e d  a t  t he  p o l e s ,  l i k e  

t h e  E a r t h .  

Knowing t h e  atmospheric  d e n s i t y  of Mars i s  impor t an t  t o  t h e  

des ign  of f u t u r e  l a n d i n g  c r a f t .  I t  could  r e s o l v e ,  t oo ,  q u e s t i o n s  of 

what k i n d s  of l i f e ,  if any,  may u l t i m a t e l y  be  found on t h e  p l a n e t .  

The t r a c k i n g  of Mariner s p a c e c r a f t  r a d i o  s i g n a l s  throughout  

b o t h  f l i g h t s  a l s o  w i l l  g i v e  o t h e r  J P L  s c i e n t i s t s  a chance t o  r e f i n e  

p l a n e t a r y  d a t a .  

This  experiment  i n  c e l e s t i a l  mechanics--using ground equipment 

a t  t h e  v a r i o u s  t r a c k i n g  s t a t i o n s - - w i l l  s tudy  t h e  e f f e c t  of E a r t h  and 

Mars on t h e  f l i g h t  p a t h s  of t h e  s p a c e c r a f t  t o  de te rmine  more e x a c t l y :  

(1) t h e  mass of Mars, (2) t h e  Earth-moon mass r a t i o ,  and ( 3 )  t h e  

d i s t a n c e  from E a r t h  t o  Mars a t  each encounter  t i m e .  

-more- 
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Encounter r ang ing  in fo rma t ion  combined w i t h  r a d a r  bounce 

d a t a  i s  expec ted  t o  p rov ide  a more a c c u r a t e  de t e rmina t ion  of t h e  s i z e  

of Mars. The p l a n e t  i s  roughly 6/10 t h e  s i z e  of E a r t h .  

Mariner t r a c k i n g  d a t a ,  when added t o  r a d a r  and o p t i c a l  

t e l e s c o p e  s t u d i e s  t h i s  y e a r ,  w i l l  improve t h e  ephemeris of Mars. A 

p l a n e t ' s  ephemeris i s  t h e  l o g  of i t s  s p a t i a l  p o s i t i o n s  i n  i t s  

o r b i t  around t h e  Sun. J P L  i s  t r y i n g  t o  improve t h e  ephemerides 

( c q )  of a l l  p l a n e t s .  

P r i n c i p a l  i n v e s t i g a t o r  f o r  t h e  c e l e s t i a l  mechanics experiment  

i s  John D .  Anderson of J P L .  Co- inves t iga to r  i s  Warren L .  Mar t in ,  

a l s o  of J P L .  

### 
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PASADENA, Calif.--Some aeons-old secrets of Mars could  

be unve i l ed  by spec t romete r s ,  t e l e v i s i o n  cameras and r ad iomete r s  

aboard Mariner V I  and V I 1  i n  t h e  nex t  week o r  so when the  s p a c e c r a f t  

f l y  by t h e  r e d  p l a n e t  a t  a d i s t a n c e  of on ly  2 ,000  m i l e s .  S c i e n t i s t s  

w i l l  u s e  t h e  cameras and o t h e r  exper iments  t o  seek  hopefu l  s i g n s  of 

nonlunar developmental  p r o c e s s e s ,  i n c l u d i n g a  Mart ian atmosphere 

conducive t o  some form of l i f e .  

With twin camera systems capable  of t a k i n g  c lose-ups  

100 t i m e s  more d e t a i l e d  than  Mariner I V  p i c t u r e s  y i e l d e d  i n  1965, 

Ca l t ech  and J e t  P ropu l s ion  Laboratory s c i e n t i s t s  say  t h i s  y e a r ' s  

t e l e v i s i o n  experiment  should provide  a t e n t a t i v e  answer t o  t h e  

r i d d l e :  Is Mars g e o l o g i c a l l y  a l i v e ,  s l e e p i n g ,  o r  dead? 

The 1965 M a r i n e r ' s  2 1  his tory-making photographs seemed t o  

p u t  Mars i n  a c l a s s  w i t h  t h e  Moon--crater-pocked, b l e a k ,  b a r r e n ,  and 

b l i g h t i n g  t h e  hopes of b i o l o g i s t s .  The 1969 Mariners  w i l l  be 

a b l e  t o  photograph c r a t e r s  900 f e e t  i n  d i ame te r ,  perhaps  c a n a l s ,  

i f  t h e r e  a r e  any,  and any f e a t u r e s  t h a t  might be E a r t h - l i k e .  But 

D r .  Robert B.  Le ighton ,  Ca l t ech  phys ic i s t -as t ronomer  who i s  c h i e f  

i n v e s t i g a t o r  f o r  t h e  t e l e v i s i o n  experiment, is  n o t  op t imis t i c  about 

t h e  l a t t e r  p o s s i b i l i t y .  

-more- 
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" F r o m  the 1965 photographs,  Mars appea r s  f a i r l y  dead ,  I' 

says Leighton,  who a l so  headed t h e  Mariner I V  photo team. "However, 

w e  have a m i n i m u m  of preconceived n o t i o n s  and I ' m  s u r e  our  preconceived 

n o t i o n s  could  be wrong. W e  a r e  c o n f i d e n t  t h a t  the b roade r  s w e e p  of 

Mars t h a t  w i l l  be covered by t h e  Mariner 6 and 7 p i c t u r e s ,  and t h e i r  

better d e f i n i t i o n  w i l l  r e v e a l  many new f e a t u r e s  and g i v e  u s  new i n -  

s i g h t  a s  t o  t h e  n a t u r e  of t h a t  p l a n e t . "  

Another member of  t h e  photo s tudy  team, D r .  Norman H. 

Horowitz, t h i n k s  t h e  p o s s i b i l i t y  of f i n d i n g  l i f e  on Mars i s  impor tan t  

enough t o  make the  sea rch  worthwhile ,  a l though t h e  p r o b a b i l i t y  may 

be l o w .  "I t  i s  no t  optimism about  t h e  outcome, b u t  t h e  tremendous 

importance t h a t  a p o s i t i v e  r e s u l t  would have, t h a t  s u s t a i n s  t h e  

s e a r c h ,  'I he adds.  

Horowitz, c h i e f  of t h e  b i o s c i e n c e  s e c t i o n  a t  C a l t e c h ' s  J e t  

Propuls ion  Labora tory ,  s ays  t h i s  summer's Mariners  should p rov ide  

va luab le  d a t a  f o r  t h e  cont inuingMars e x p l o r a t i o n  series. Mariner V I  

i s  scheduled t o  sweep by Mars July 30, Mariner V I 1  on August 4 .  The 

f l y b y s  a r e  conducted by J P L  f o r  t h e  Nat iona l  Aeronaut ics  and Space 

Adminis t ra t ion .  Ca l t ech  o p e r a t e s  JPL f o r  NASA. 

I n  1971, two Mar iner - l ike  c r a f t  are t o  o r b i t  Mars and survey  

i t  f o r  p e r i o d s  up t o  t h r e e  months. Two P r o j e c t  Viking l and ing  c a p s u l e s  

are t o  sample the  p l a n e t ' s  a i r  and s u r f a c e  i n  1974. The Viking orbi ter  

s p a c e c r a f t  w i l l  be b u i l t  by J P L ,  t h e  l a n d e r s  by NASA's Langley, Va., 

Research Cen te r .  

-more- 
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I f  a l l  goes w e l l ,  t h e  ' 69  Mariners  would t a k e  up t o  191 

p i c t u r e s ,  r ang ing  from f u l l - d i s c  p o r t r a i t s  t o  ove r l app ing  c loseups .  

Under maximum c o n d i t i o n s ,  Mariner V I  w i l l  be asked t o  t a k e  50 long  

s h o t s ,  s t a r t i n g  48 hours  b e f o r e  c l o s e  e n c o u n t e r ,  and Mariner VI1 

w i l l  be se t  f o r  93 long s h o t s ,  beginning  72  hours  o u t .  I f  c o n d i t i o n s  

appear  less f a v o r a b l e ,  each s p a c e c r a f t  w i l l  t ake  only e i g h t  long 

s h o t s .  These w i l l  be taken w i t h  a t e l e s c o p i c  l e n s  capable  of r e a d i n g  

an a u t o  l i c e n s e  p l a t e  t h r e e  m i l e s  away. 

Each s p a c e c r a f t  i s  scheduled t o  t ake  24 c loseup  s h o t s ,  

a l t e r n a t i n g  i t s  p a i r  of cameras--a wide-angle l e n s  w i t h  a r e s o l u t i o n  

of two m i l e s ,  and t h e  t e l e s c o p i c  l e n s  which w i l l  r eco rd  f e a t u r e s  900 

f e e t  a c r o s s  from t h e  f ly-by  d i s t a n c e  of 2 ,000  m i l e s .  

Mariner V I  i s  c o n c e n t r a t i n g  on an e q u a t o r i a l  b e l t  

roughly 90 degrees  e a s t  of t h e  1965 photo p a t h .  Mariner V I 1  w i l l  

c o n c e n t r a t e  on a South p o l a r  f ly -by ,  a l though ove r l app ing  t h e  Mariner 

V I  p a t h  over  t h e  Meridian1 Sinus ,  a permanent da rk  a r e a  near  t h e  

Equator .  

What a r e  the  cameras and spec t romete r s  shoo t ing  f o r ?  

A l l  t ypes  of c l a s s i c a l  Mart ian f e a t u r e s  about  which c o n j e c t u r e  has  

s w i r l e d .  P o l a r  c a p s ,  "b lue"  mar ia ,  wh i t e  and b l u e  c l o u d s ,  da rk  and ~ 

l i g h t  changeable  a r e a s  , " c a n a l s  , I' and the  s p e c i f i c  s i z e  , s t r u c t u r e  

and d i s t r i b u t i o n  of c r a t e r s  and o t h e r  s u r f a c e  r e l i e f .  

Sharper  pho tos ,  combined w i t h  r e a d i n g s  by i n f r a r e d  and 

u l t r a v i o l e t  spec t rometer  i n s t rumen t s  and an  i n f r a r e d  r ad iomete r ,  

could  narrow t h e  q u e s t i o n  of what k jnd  of l i f e ,  i f  any,  could  e x i s t ,  

on t h e  p l a n e t .  I n  a d d i t i o n ,  t h e  ' 6 9  Mariners  should provide  t h e  b a s i s  

f o r  t h e  most thorough mapping of Mars y e t  accomplished. 

-more- 
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Mariner I V  photos  covered 600,000 square  m i l e s ,  o r  one 

per c e n t  of t h e  s u r f a c e .  T h i s  t ime,  f a r  encounter  photos  should 

cover  a l l  of t h e  p l a n e t  a s  i t  r o t a t e s  a t  l e a s t  t w i c e  f o r  each set  

of cameras. (Mars r o t a t e s  eve ry  2 4  hour s ,  37 minutes--an Ea r th  

day wi th  a l i t t l e  s o l a r  over t ime. )  Closeups w i l l  be made of about  

20 p e r  c e n t  of t h e  s u r f a c e .  

The 1965 photos  showed some.300 c r a t e r s  ex tending  i n  a 

swath from about  50 degrees  n o r t h  l a t i t u d e  t o  50 degrees  sou th  

l a t i t u d e .  They ranged i n  diameter  from 1 3/4 m i l e s  t o  110 m i l e s .  

I f  t h e  r e s t  of Mars i s  l i k e  t h a t ,  s c i e n t i s t s  e s t i m a t e  t h e  p l a n e t  

may have a s  many a s  30,000 c r a t e r s ,  compared t o  E a r t h ' s  handfu l .  

Mariner I V  a l s o  d e t e c t e d  some l i n e a r  markings t e n a t a t i v e l y  

c a l l e d  " c r u s t  f r a c t u r e s , "  perhaps  100 t o  200 m i l e s  long and s e v e r a l  

m i l e s  wide. B u t  D r .  Leighton does n o t  b e l i e v e  t h e s e  a r e  t h e  s o - c a l l e d  

" c a n a l s "  of popular  fame. An I t a l i a n  astronomer , G. V. S c h i a p a r e l l i  , 

f i r s t  l a b e l e d  c e r t a i n  long ,  f i n e  markings " c a n a l i "  i n  1877.  "I 

a m  open minded concern ing  t h e  e x i s t e n c e  of t h e s e  'canals'  on Mars," 

s ays  Leighton.  

Nor d i d  Mariner I V  f i n d  any mountain c h a i n s ,  g r e a t  

v a l l e y s ,  ocean b a s i n s  o r  c o n t i n e n t a l  masses,  o r  s i m i l a r  E a r t h - l i k e  

f e a t u r e s .  Leighton i s  hopefu l  t h a t  Mariners  V I  and V I 1  w i l l  d i s c l o s e  

s i g n i f i c a n t  d i f f e r e n c e s  i n  e r o s i o n  over  Mars' s u r f a c e .  It  would be 

most f a s c i n a t i n g  t o  f i n d  ev idences  of  water  e r o s i o n  from a n c i e n t  

o c e a n s ,  b u t  he r a t e s  the  chance of f i n d i n g  any l a r g e  b o d i e s  of 

water today a t  "absolutely zero." However, he foresees ''a good 

p o s s i b i l i t y  t h a t  t h e r e  are s i z e a b l e  b o d i e s  of permafrost"--somewhat 

on t h e  o rde r  of A n t a r c t i c a  o r  Greenland--in the  p o l a r  r e g i o n s .  

-more- 
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Following t h e  1965 pho tos ,  Leighton and c o - i n v e s t i g a t o r s  

e s t i m a t e d  t h e  Mart ian s u r f a c e  cou ld  be 300 m i l l i o n  t o  perhaps  5 

b i l l i o n  years  o l d .  The p reva lence  of  c r a t e r s  s i g n i f i e s  a n  extremely 

s l o w  r a t e  of s u r f a c e  e r o s i o n  a s  compared t o  E a r t h .  I n  f a c t ,  t h e  

door i s  n o t  s h u t  on t h e  p o s s i b i l i t y  t h a t  t h e  Mars s u r f a c e  could  be 

i n  a p r i m i t i v e  form which might y e t  y i e l d  c l u e s  t o  o rgan ic  development 

t h a t  have long  s i n c e  d i sappea red  from E a r t h .  

Most people  r e g a r d  Mars' wh i t e  p o l a r  caps  a s  proof  of t h e  

ex i s t ence  of l a r g e  amounts of water  on t h e  p l a n e t .  However, Leighton 

and ano the r  c o - i n v e s t i g a t o r ,  D r .  B ruce  Murray of C a l t e c h ,  b e l i e v e  

the  p o l a r  caps  a r e  d r y  i c e ,  f rozen  carbon d i o x i d e ,  260 deg rees  below 

z e r o ,  F.  , r a t h e r  than  wa te r  i c e ,  -170 degrees  o r  warmer. Carbon 

d iox ide  i s  b e l i e v e d  t o  be t h e  main c o n s t i t u e n t ,  w i t h  l i t t l e  oxygen 

o r  hydrogen p r e s e n t  , i n  t h e  Mart ian atmosphere.  Maximum tempera tures  

a t  Mars' equa to r  may be a s  h igh  a s  68 degrees  above z e r o ,  F. 

While encounter  t i m e  i s  midsummer on E a r t h ,  i t  w i l l  be 

f a l l  i n  Mars' n o r t h e r n  hemisphere,  s p r i n g  i n  t h e  sou the rn  h a l f ,  

roughly cor responding  t o  October 1 5  h e r e .  

The photo experiment  s h a r e s  s e v e r a l  s c i e n t i f i c  t a s k s  wi th  o t h e r  

Mariner i n s t rumen t s .  These i n c l u d e  de te rmining  o r i g i n  and e x t e n t  of 

hazes  and d u s t  c louds  and,  more i m p o r t a n t l y ,  l o c a t i n g  vaporous c louds  

or f r o s t  pa t ches  which cou ld  i n d i c a t e  mois ture-bear ing  s o i l .  Such 

p l a c e s  a r e  l i k e l y  l and ing  s i tes  i n  1 9 7 3 .  

The p resence  of wa te r  now, o r  i n  t h e  p a s t ,  i s  a key 

f a c t o r  i n  t h e  s e a r c h  for  Mart ian l i f e ,  Horowitz says .  Meanwhile, 

a n a l y s i s  of t h e  Mart ian atmosphere may provide  h i n t s  of l i f e -  

r e l a t e d  chemica ls .  

-more- 



-6- 

" I f  there is l i f e  on M a r s ,  i t  w i l l  a lmos t  c e r t a i n l y  be 

carbon-based, j u s t  as  i t  is on E a r t h , "  Horowitz e x p l a i n s .  "Carbon 

i s  t h e  one element able t o  build t h e  l a r g e ,  complex y e t  s table ,  molecules 

fundamental t o  o rgan ic  l i f e .  I f  l i f e  i s  based on carbon and 

Mars' atmosphere i s  mostly carbon d i o x i d e ,  i t  would be imposs ib le  

f o r  l i f e  not t o  i n t e r a c t  w i t h  t h a t  atmosphere." 

U n t i l  i n s t rumen t s  and d i g g e r s  land  on t h e  p l a n e t  i t s e l f ,  

Horowitz and h i s  c o l l e a g u e s  c l i n g  t o  t h a t  s l i g h t  hope t h a t  

l i f e ,  however submic rob ia l ,  may e x i s t  on Mars. I t  could  be no 

more than  t i n y  a l g a e ,  such a s  J P L  s c i e n t i s t s  have found i n  A n t a r c t i c a ' s  

permafros t .  Some a n t a r c t i c  s o i l  samples ,  on t h e  o t h e r  hand, appear  

t o  be completely s te r i le .  

The Mariner ' 6 9  camera system i s  t h e  most s o p h i s t i c a t e d  

y e t  devised  f o r  a p l a n e t a r y  s p a c e c r a f t .  The two cameras,  c a l l e d  

A and B,  w i l l  a l t e r n a t e  t o  t ake  p i c t u r e s  every  42% seconds du r ing  

t h e  f lyby  a t  a range from 6 ,000  t o  2 , 0 0 0  m i l e s .  They w i l l  be se t  

so t h e i r  f i e l d s  w i l l  o v e r l a p .  This  w i l l  enable  b o t h  panoramic s h o t s  

and c loseups  of i n t e r e s t i n g  d e t a i l s  w i t h i n  panoramas. 

Camera A i s  e s s e n t i a l l y  the  same a s  t h e  Mariner I V  camera, 

excep t  a wide-angle l e n s  has  r ep laced  a smal l  t e l e s c o p e .  I ts  

r e s o l u t i o n  w i l l  s t i l l  be about  two m i l e s  ( a s  i n  1965), b u t ,  g iven  

an approach t h r e e  t i m e s  c l o s e r  and t h e  wider  l e n s ,  each  exposure 

frame w i l l  be about  1 5  t i m e s  l a r g e r .  

Camera B ,  u s ing  a Schmidt c a s s e g r a i n  t e l e s c o p e ,  i s  

expec ted  t o  produce p i c t u r e s  t e n  t i m e s  sha rpe r  than  Camera A ,  

and a t  n e a r e s t  approach,  narrow down t o  a r e a s  comparable t o  a l a r g e  

c i t y  b lock .  Camera A employs r e d ,  g reen  and b l u e  f i l t e r s ,  Camera 

B yel low.  A l l  p i c t u r e s  t r a n s m i t t e d  w i l l  be b l a c k  and wh i t e .  

-more- 
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A n  improved v i d i c o n  tube w i l l  s t o r e  and t r a n s m i t  images. 

I ts  p h o t o s e n s i t i v e  s u r f a c e  r e c e i v e s  704 l i n e s ,  w i t h  945 d o t s  

( c a l l e d  p i x e l s )  p e r  l ine--665 ,280 d o t s  fo r  each exposure.  An 

e l ec t ron ic  beam scans  t h e s e  f o r  a t ape  r eco rd ing  system t h a t  w i l l  

r e l a y  them t o  E a r t h  r e c e i v i n g  s t a t i o n s  i n  t h e  NASA-JPL t r a c k i n g  

network. The q u a l i t y  o f  t he  p i c t u r e s  should be upgraded by t h e  

30-fold i n c r e a s e  i n  p ixe l -p ickup s i n c e  1965. 

The cameras a r e  mounted on a scan  p l a t f o r m  t h a t  can be 

moved by E a r t h  command 215 deg rees  i n  c lockwise r o t a t i o n  and 64 

degrees  i n  a n  up and down (conic) f a s h i o n .  A s  each Mariner 

approaches Mars, s e v e r a l  days  before encoun te r ,  t he  s p a c e c r a f t ' s  

p l a n e t  sensor  w i l l  t r a c k  the  center  of b r i g h t n e s s  and aim Camera 

B f o r  i t s  ser ies  of f u l l - d i s c  p i c t u r e s  of t h e  p l a n e t .  About 14  

hours  o u t ,  Mars w i l l  f i l l  t h e  e n t i r e  frame. F i n a l  fa r -encounter  

p i c t u r e s  w i l l  zoom i n  on s e l e c t e d  p o r t i o n s  of t h e  p l a n e t .  

The scan  p l a t f o r m  then  w i l l s l e 3  on bo th  azes  t o  ready 

t h e  v a r i o u s  in s t rumen t s  f o r  c l o s e u p  measurements. They can be set  

accord ing  t o  pre- launch p a t t e r n ,  o r  by an updated p l a n  dec ided  upon 

d u r i n g  t h e  4-month-plus f l i g h t .  I t  i s  p o s s i b l e  t o  change p l a n s  up 

t o  t h e  l a s t  day b e f o r e  encoun te r .  The near  encounter  p i c t u r e  

t a k i n g  sequences w i l l  l a s t  about  1 7  minutes ,  and t h e  o t h e r  i n s t r u m e n t s  

w i l l  con t inue  t o  make measurements on t h e  shadowed, night- t ime side 

of t he  p l a n e t .  

An added f i l l i p  may be provided by c loseups  of one or  b o t h  

of Mars' t i n y  moons. I t  i s  p o s s i b l e  t h a t  t he  i n n e r  moon, Phobos, 1 2  

m i l e s  i n  diameter, could  be p icked  up by the  cameras a s  i t  swings close 

t o  a l i m b  ( o u t e r  edge)  of Mars. Phobos' o r b i t  i s  about  4 ,000  m i l e s  

from t h e  p l a n e t .  The o u t e r  moon, Deimos, only s i x  m i l e s  i n  d i a m e t e r ,  

p r e s e n t s  a less f a v o r a b l e  t a r g e t ,  12 ,000  m i l e s  o u t .  



OFFICE O F  PUBLIC INFORMATION 
J E T  PROPULSION LABORATORY, C A L I F O R N I A  INSTITUTE O F  TECHNOLOGY 
NATIONAL AERONAUTICS AND SPACE A D M I N I S T R A T I O N  
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PASADENA, C a l i f  .--The n o r t h  e q u a t o r i a l  zone of  Mars 

v a r i e s  8 .3  miles--roughly 44 ,000  f e e t - - i n  a l t i t u d e ,  r a d a r  as t ronomers  

of C a l t e c h ' s  Je t  P ropu l s ion  Laboratory r e p o r t e d  on t h e  e v e  of t h e  

Mariner V I  and V I 1  f ly -bys  of t h e  p l a n e t .  

Their  f i n d i n g s  a l s o  inc luded  c o r r e c t e d  f i g u r e s  f o r  t h e  

ephemeris ,  o r  o r b i t a l  p a t h ,  of Mars. 

The r a d a r  r e a d i n g s ,  ob ta ined  a t  J P L ' s  Goldstone Tracking 

S t a t i o n  near  Barstow, C a l i f . ,  a r e  expec ted  t o  a s s u r e  t h e  accuracy 

of t e l e v i s i o n  cameras and o t h e r  s c i e n t i f i c  exper iments  aboard t h e  

Mariners .  Mariner V I  i s  scheduled t o  f l y  by Mars about  10:18 p.m. 

( P D T ) ,  J u l y  30; Mariner VII ,  about  1O:OO p.m. (PDT), August 4 .  

The c e n t r a l  p o r t i o n  of t h e  Mars e q u a t o r i a l  zone, t o  be 

photographed from 2 , 0 0 0  m i l e s  o u t  by Mariner V I ,  i s  r e l a t i v e l y  

f l a t ,  accord ing  t o  D r .  Richard G o l d s t e i n ,  who d i r e c t e d  J P L  r a d a r  

measurements of t h e  p l a n e t .  However, t h e  Mart ian h igh lands  of 

T h a r s i s  and t h e  lowlands of Amazonis may appear  i n  long-range,  

fa r -encounter  p i c t u r e s  each Mariner w i l l  t a k e  f o r  two days  p r i o r  

t o  the  17-minute c loseup  f ly -bys .  

Between T h a r s i s  and Amazonis, t h e  r a d a r  s i g n a l s  r e v e a l e d  

t h e  8.3-mile d i f f e r e n c e  i n  h e i g h t .  Both a r e a s  l i e  i n  t h e  band 

from the  Martian 10-degree n o r t h  l a t i t u d e  c i rc le  t o  t h e  e q u a t o r .  

This  was t h e  p r i n c i p a l  a r e a  s t u d i e d  i n  15 o b s e r v a t i o n s  by t h e  J P L  

group from May 7 through J u l y  15 .  Go lds t e in  s a i d  some 400 p o i n t s  

on Mars were observed and re-observed.  

-more- 
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The a l t i t u d e  v a r i a t i o n  i s  s i m i l a r  t o  t h a t  found a long  

E a r t h ' s  equator--which has  South American and Af r i can  peaks 17 ,000  

t o  20,000 f e e t  and and ocean f l o o r s  even deeper .  While there  

a r e  no known s e a s  on Mars, Amazonis could  be c r a t e r e d ,  b u t  the  

s t u d i e s  of G o l d s t e i n ' s  group cannot  v e r i f y  t h i s  y e t .  

Each r a d a r  beam i n  t h e  J P L  o b s e r v a t i o n  series probed 

a 37-by-100 m i l e  s p o t  on t h e  s u r f a c e  of Mars du r ing  t h e  p l a n e t ' s  

c l o s e s t  approach t o  E a r t h .  (The c l o s e s t  d i s t a n c e  was about  45  m i l l i o n  

m i l e s  on June 9 . )  The a l t i t u d e  r e a d i n g s  r e p r e s e n t  an average f o r  

each 3,700-square m i l e  p a t c h .  Because of t h i s  l i m i t e d  r e s o l u t i o n ,  

Go lds t e in  adds ,  i n d i v i d u a l  peaks o r  c r a t e r s  a r e  not  obse rvab le .  

Among t h e  i n t e r e s t i n g  a r e a s  s t u d i e d  were t h e  da rk  r e g i o n s  

of S y r t i s  Major and Trivium Charon t i s ,  b o t h  well-known t o  as t ronomers .  

S y r t i s  Major was found t o  be a 500-mile-long s l o p e ,  r i s i n g  g e n t l y ,  

one o r  two p e r c e n t ,  t o  a h ighe r  p l a t e a u  c a l l e d  Aer ia .  The h igh  

p o i n t  of S y r t i s  Major was measured a t  about  20 ,000  f e e t .  Trivium 

Charon t i s  a l s o  appears  t o  be a long  s l o p e .  

The c e n t r a l  r eg ion  t o  be photographed c loseup  by Mariner 

VI--ranging from Xanthe through Meridian1 Sinus--seems t o  s l o p e  

g e n t l y  downward toward t h e  E a s t ,  accord ing  t o  t h e  new J P L  r a d a r  

work. The a l t i t u d e  change may be a m i l e  o r  so. 

The new f i n d i n g s  w i l l  be of extreme i n t e r e s t  t o  as t ronomers  

because they show t h a t  a r e a s  which appear  l i g h t  t o  t e l e s c o p e s  

may be e i t h e r  h igh  o r  low i n  e l e v a t i o n ,  Go lds t e in  s a y s .  Areas 

which a re  da rk  o p t i c a l l y  appear  t o  be of medium e l e v a t i o n  t o  

r ada r - scanne r s .  

-more- 
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I n  t h e  o l d e r  s p e c u l a t i o n  about  Mars, as t ronomers  thought  

da rk  a r e a s  on t h e  p l a n e t  were lowlands because dark  a r e a s  on t h e  

Moon were l o w .  A f t e r  e a r l y  r a d a r  measurements i n d i c a t e d  t h i s  was 

no t  s o ,  s p e c u l a t i o n  swung t o  t h e  view t h a t  da rk  a r e a s  w e r e  h igh lands .  

A f t e r  t h i s  s e a s o n ' s  measurements, Go lds t e in  concludes :  "It  i s  

u n l i k e l y  t h a t  a l l  da rk  a r e a s  w i l l  be t h e  same, and i t  i s  j u s t  

a s  u n l i k e l y  t h a t  b r i g h t  a r e a s  w i l l  be t h e  same." 

i s  c a l c u l a t i o n s  f o r  Mars w e r e  made 
e --._._ ~ -. The u p d m  --. ~~~- 

by D r .  Will iam G .  Melbourne, JPL Systems Analys is  Research manager. 

With t h e  a i d  of the  r a d a r  p i n p o i n t i n g ,  b e l i e v e d  a c c u r a t e  t o  w i t h i n  

one - t en th  of a m i l e ,  Melbourne s h i f t e d  t h e  p o s i t i o n  of Mars 

250 m i l e s  r e l a t i v e  t o  Ea r th  by 150 m i l e s  r e l a t i v e  t o  t h e  Sun. These 

new f i g u r e s  have been taken i n t o  c o n s i d e r a t i o n  by t h e  JPL team 

gu id ing  t h e  Mariners  i n  t h e  Nat iona l  Aeronaut ics  and Space 

A d m i n i s t r a t i o n ' s  p l a n e t a r y  p r o j e c t .  

Radar astronomy has  s t e a d i l y  improved t h e  ephemerides 

and topography of t h e  p l a n e t s  du r ing  t h i s  decade. G o l d s t e i n ,  

manager of JPL's Communications Systems Research S e c t i o n ,  and h i s  

c o l l e a g u e s  a l s o  have been a c t i v e  i n  radar-mapping Venus and 

monitor ing p u l s a r s ,  d i s t a n t  b o d i e s  (perhaps  neut ron  stars) which 

e m i t  r a d i o  p u l s a t i o n s .  

During t h e  Mars o p p o s i t i o n s  (closest  approaches)  of 1963 

and 1965, Go lds t e in  and h i s  s t a f f  made s i m i l a r  s t u d i e s  us ing  only  

85-foot  an tennas  a t  Goldstone.  H e  b e l i e v e s  t h e  1969 r e s u l t s  t o  

be f a r  more a c c u r a t e  because of t h e  210-foot r e c e i v e r  and a n  

i n c r e a s e  i n  t r a n s m i t t i n g  power, from 10G t o  450 k i l o w a t t s .  

-more- 
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I t  t a k e s  10 minutes  round t r i p  f o r  t h e  12%-cent imeter  

wavelength s i g n a l  t o  l eave  an 85-foot  t r a n s m i t t e r  and bounce back  

f r o m  Mars t o  t h e  210-foot r e c e i v e r .  Beams which l e a v e  wi th  a 

power of 450,000 w a t t s  r e t u r n  a s  b a r e l y  a u d i b l e  echoes.  

Y e t  t h e  s l i g h t e s t  v a r i a t i o n  i n  the  e l apsed  t i m e  f o r  

each echo e n a b l e s  r a d i o  astronomers  t o  compute t h e  e l e v a t i o n  of 

t he  r e f l e c t i n g  s u r f a c e  p o i n t s  of t h e  p l a n e t  under  o b s e r v a t i o n .  

T i m e  d i f f e r e n c e s  a r e  measured i n  microseconds--mil l ionths  of a 

second. There was only 80 microseconds d i f f e r e n c e  between t h e  

s i g n a l  times t h a t  s p e l l e d  8.3 miles i n  a 90-mil l ion m i l e  round t r i p .  

The Martian a l t i t u d e  v a r i a t i o n  seems comparable t o  

E a r t h ' s .  Mars, w i t h  a d iameter  of 4 , 2 0 0  m i l e s ,  has  an appa ren t  

v a r i a t i o n  of 44,000 feet .  E a r t h ,  7,900 m i l e s  i n  d i a m e t e r ,  v a r i e s  

more than  65,000 f e e t .  (Mount E v e r e s t  is  29,028 fee t  above sea  

l e v e l  and t h e  Mariana Trench i n  t h e  Western P a c i f i c  Ocean ex tends  

t o  36,198 f e e t  below sea  l e v e l . )  

BB-530-7/25/69 
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MARS'MIDDLE MAPPED: Radar as t ronomers  of C a l t e c h ' s  J e t  Propuls ion  Laboratory 
have come up w i t h  t h i s  1969 topograph ica l  o u t l i n e  of Mars, 8 degrees  n o r t h  
of t he  e q u a t o r .  I n  a series of  1 5  r a d a r  probes  from J P L ' s  Goldstone 
Tracking S t a t i o n ,  t h e  p l a n e t a r y  s u r f a c e  was found t o  vary  8.3 m i l e s ,  and 
t o  be q u i t e  i r r e g u l a r  a s  shown by t h e  i n n e r  black-and-white l i n e .  S y r t i s  
Major and Trivium Charon t i s  w e r e  found t o  be long  s l o p e s .  The h ighe r  
e leva t ions- -whi te  l i n e  a t  l e f t - - toward  Mars' wes t e rn  f a c e  a r e  f i v e  m i l e s  
o r  more. The o u t e r  wh i t e  c i r c l e  i n d i c a t e s  a s ix-mile-high s c a l e .  This  
was topped a t  T h a r s i s  on t h e  o t h e r  s i d e  of t h e  p l a n e t .  Mariner V I ,  t h e  
f i r s t  of two Mars s p a c e c r a f t ,  w i l l  f l y  by t h e  equa to r  J u l y  30, probably 
on t h e  o t h e r  s i d e  of t h e  p l a n e t .  JPL  conducted t h e  r a d a r  r e s e a r c h  f o r  
t he  Nat iona l  Aeronaut ics  and Space Admin i s t r a t ion .  
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FOR RELEASE SUNDAY, SEPTEMBER 7 ,  1969 

PASADENA, C a l i f  .--A STAR computer f o r  t h e  outbound journey 

t o  t h e  s t a r s - - b e l i e v e d  t o  be t h e  f i r s t  able t o  detect  i t s  own 

f a i l u r e s  and r e p a i r  i t s e l f - - b e g i n s  f u l l - s c a l e  ground o p e r a t i o n  

t h i s  week a t  C a l t e c h ' s  J e t  P ropu l s ion  Laboratory.  

The STAR--for Self-Testing-and-Repairing--computer has  

passed  p r e l i m i n a r y  t es t s ,  and J P L  r e s e a r c h e r s  have b u i l t  t h e  f i r s t  

breadboard model for  t h e  s p a c e c r a f t  guidance systems of t h e  1970s 

and ' 8 0 s .  

With t h e  advanced computer, J P L  space p l a n n e r s  hope 

t o  p e r f e c t  a f a u l t - t o l e r a n t  " b r a i n "  t h a t  w i l l  d i r e c t  unmanned 

s p a c e c r a f t  on years - long  miss ions  t o  t h e  o u t e r  planets--and beyond, 

i n t o  i n t e r g a l a c t i c  space .  

" W e  a r e  aiming fo r  90 p e r  c e n t  p r o b a b i l i t y  of l a s t i n g  1 5  

P .  y e a r s , "  s ays  D r .  A l g i r d a s , A v i z i e n i s  (Ph.D.), J P L  computer e x p e r t  

and f a t h e r  of  t h e  STAR p r o j e c t .  That would be s u f f i c i e n t  t o  c o n t r o l  

s p a c e c r a f t  o p e r a t i o n s  t o  Neptune or P l u t o ,  outermost  t a r g e t s  i n  

mul t i -p l ane t  Grand Tours of t h e  s o l a r  system env i s ioned  f o r  t h e  

l a t e  1970s by J P L  f o r  t h e  Na t iona l  Aeronaut ics  and Space Admin i s t r a t ion .  

D r .  A v i z i e n i s  w i l l  r e p o r t  on t h e  STAR a t  an aerospace  

computer systems conference  t o  be h e l d  September 8 through 10 i n  

L o s  Angeles. The conference  i s  sponsored by t h e  American I n s t i t u t e  

of Aeronaut ics  and A s t r o n a u t i c s .  

would a u t o m a t i c a l l y  swi t ch  on i d e n t i c a l  backup u n i t s  t o  r e p l a c e  

p a r t s  t h a t  b reak  down. Each p a r t  would have t h r e e  or more s tandby 

-more- 
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rep lacements .  A t r i p  t o  Neptune, v i a  J u p i t e r  and Uranus, w o u l d  take 

7 t o  9 y e a r s ;  t h e  journey t o  P l u t o ,  by J u p i t e r  and S a t u r n ,  up t o  

11 y e a r s .  

By 1974, a more modest STAR ( w i t h  t w o  backups f o r  each  

p a r t )  may c o n t r o l  a s p a c e c r a f t  on a f l i g h t  t o  J u p i t e r  alone--a 1%- 

yea r  minimum under tak ing .  

I n  a d d i t i o n  t o  i t s  basic space a p p l i c a t i o n ,  STAR could  a i d  

i n  automating h o s p i t a l s  and c o n t r o l l i n g  supe r son ic  passenger  a i r c r a f t  

of t h e  f u t u r e ,  A v i z i e n i s  s a y s .  

A v i z i e n i s ,  Li thuanian-born computer s c i e n t i s t - e n g i n e e r ,  

conceived t h e  s t a r  i d e a  i n  1961. S ince  1965, he has  guided a 

J P L  group i n  i t s  d e s i g n ,  c o n s t r u c t i o n  and development. He a l s o  

t eaches  computer  des ign  a s  an a s s o c i a t e  p r o f e s s o r  a t  U n i v e r s i t y  of 

C a l i f o r n i a  a t  L o s  Angeles. 

A s s i s t e d  by a J P L  team of a dozen e n g i n e e r s  and t e c h n i c i a n s ,  

he has  b u i l t  a 10-uni t  computer t h a t  u s e s  a coding system t o  d e t e c t  

e r r o r s ,  and a monitor u n i t  t o  d iagnose  t h e  cause  and cure i n  one one- 

hundredth of a second. 

While t h e  STAR tes t  model f i l l s  t h r e e  s i x - f o o t  r a c k s  now, 

A v i z i e n i s  s a y s  i t s  p a r t s  can be m i n i a t u r i z e d  e a s i l y  t o  f i t  s p a c e c r a f t  

requi rements .  The f l y i n g  STAR probably  would no t  exceed t w o  c u b i c  

f e e t ,  nor consume m o r e  t han  50 w a t t s  of e lec t r ica l  power--less than  

an o r d i n a r y  k i t c h e n  l i g h t  b u l b .  

During f l i g h t s ,  moreover, t h e  s e l f - h e a l i n g  computer w i l l  

have t h e  unique c a p a b i l i t y ,  Av iz i en i s  a s s e r t s ,  of d e t e c t i n g  e x t e r n a l  

i n t e r f e r e n c e ,  a s c e r t a i n i n g  t h e  u n d e s i r a b l e  changes it causes  i n  

i n t e r n a l  s p a c e c r a f t  f u n c t i o n s ,  and then  c o r r e c t i n g  e r r o r s  b e f o r e  they  

become damaging t o  t h e  s p a c e c r a f t  miss ion .  

-more- 
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"STAR can do eve ry th ing  b u t  a n t i c i p a t e  e r r o r s ,  I' he s a y s ,  

jok ing .  "That w i l l  t a k e  a l i t t l e  more eng inee r ing . "  

How does t h e  computer h e a l  i t s e l f ?  

STAR belong t o  t h e  d i g i t a l  fami ly  of computers. These 

o p e r a t e  w i t h  "words" of i n s t r u c t i o n s  and numeric q u a n t i t i e s  

r e p r e s e n t e d  by s t r i n g s  of ze roes  and ones (1010, 0011, e t c . ) .  A l l  

o f  S T A R ' S  i n s t r u c t i o n  and number words are so chosen t h a t  a f a u l t  

w i l l  change a good word t o  a meaningless  or " i l l e g a l "  one. 

When a f a u l t y  u n i t  sends a damaged word t o  ano the r  u n i t ,  

t h e  i l l e g a l  word can  be s p o t t e d  by t h e  monitor and i t s  source  

i d e n t i f i e d .  "A p a r a l l e l  e x i s t s  i n  human a f f a i r s ,  I' A v i z i e n i s  observes .  

"When a person  s ta r t s  mispronouncing or s l u r r i n g  words,  i l l n e s s  or 

i n t o x i c a t i o n  i s  suspec ted .  'I 

The monitor which " b l o w s  t h e  w h i s t l e "  on t h e  fau l tmaker  

i s  c a l l e d  TARP--Test And Repair  P rocesso r .  L i t e r a l l y  t h e  b r a i n  and 

consc ience  of  t h e  computer,  TARP r e c e i v e s  s t a t u s  r e p o r t s  from a l l  

working u n i t s  and, i n  e f f e c t ,  d e c i d e s  whether a l l  behavior  is 

normal,  t h a t  i s ,  i f  each  u n i t  i s  fo l lowing  i n s t r u c t i o n s  and producing 

only good words. 

Furthermore,  l i k e  any good consc ience ,  TARP a l s o  checks 

i t s e l f .  For t h i s  TARP i s  b u i l t  l i k e  a th ree- lobed  b r a i n .  The 

computer a c t u a l l y  has  t h r e e  a c t i v e  moni tors ,  which o p e r a t e  by 

ma jo r i ty  v o t e .  

Whenever a t  l e a s t  two moni tors  i n d i c a t e  an  anomaly 

somewhere a long  t h e  l i n e ,  t h e  d e c i s i o n  i s  made t o  r e p a i r  t h e  

malfunct ion.  The suspec ted  u n i t  i s  t r i e d  once more, t hen  r e p l a c e d  

i f  i t  p e r s i s t s  i n  i t s  e r r o r s .  

- m o r e -  
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If t h e  " v o t e "  has  been two-to-one, t h e  m a j o r i t y  members of 

t h e  TARP u n i t  d i s c o n n e c t  t h e  power of t h e  d i s a g r e e i n g  monitor and 

r e p l a c e  i t  w i t h  a s p a r e .  L a t e r ,  t h e  r e j e c t e d  member may be t r i e d  

a g a i n  and re-used i f  t h e  p rev ious  f a u l t  p roves  temporary.  

A v i z i e n i s  i s  convinced t h e  theory  of f a u l t - t o l e r a n c e  and 

s e l f - r e p a i r  w i l l  apply t o  a l l  facets of extended space f l i g h t .  H e  

v i s u a l i z e s  t h e  STAR computer a s  s e r v i n g  a s  t h e  monitor and "au tomat i c  

repairman" f o r  i n - f l i g h t  t e s t i n g  and maintenance of t h e  e n t i r e  

s p a c e c r a f t ,  whether t h e  miss ion  be t o  J u p i t e r ,  P l u t o ,  o r  t h e  s t a r s  

beyond. 

Such s e l f - c o n t r o l  and s e l f - r e p a i r  w i l l  be impera t ive  

thousands of m i l l i o n  m i l e s  o u t  i n  space ,  where t r ansmiss ion  t i m e s  

f o r  r a d i o  commands from E a r t h  t o  t h e  s p a c e c r a f t  w i l l  be e x c e s s i v e l y  

long.  A r a d i o  s i g n a l  from E a r t h  t o  t h e  v i c i n i t y  of Neptune o r  

P l u t o ,  f o r  example, would t a k e  some f o u r  hour s ,  and fou r  more hours  

would p a s s  u n t i l  a r e p l y  a r r i v e d .  

"The STAR computer team hopes n o t  on ly  t o  make a u s e f u l  

c o n t r i b u t i o n  t o  long  space  e x p l o r a t i o n  voyages i n  t h e   OS," 

t h e  J P L  c y b e r n e t i c i s t  adds.  " W e  hope a l s o  t o  r a i s e  t h e  r e l i a b i l i t y  

of computers i n  o t h e r  c r i t i c a l  a p p l i c a t i o n s  where human l i v e s  depend 

on f a u l t - f r e e  performance. I' 

On E a r t h ,  s p e c i f i c a l l y ,  STAR cou ld  speed the  development 

of t h e  automated h o s p i t a l .  A v i z i e n i s  s a y s  t h i s  computer could  monitor  

100 t o  200 bed p a t i e n t s ,  c u t t i n g  r o u t i n e  work t o  a minimum f o r  phys i -  

c i a n s  and n u r s e s .  STAR could  t a k e  r o u t i n e  measurements every  second,  

look  f o r  a b n o r m a l i t i e s ,  and r i n g  an a la rm when something goes wrong 

i n  any bed i n  t h e  ward o r  h o s p i t a l .  

-more- 
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Moreover, f a i l u r e  of one of i t s  own p a r t s  would n o t  cause  

STAR t o  f o r s a k e  i t s  v i g i l .  Within 1/100 of a h e a r t b e a t ,  t h e  f a u l t y  

u n i t  would be rep laced  by a s p a r e .  Then t h e  computer  would r e q u e s t  

r e p a i r  and r e t u r n  of t he  rejected u n i t  t o  i t s  s p a r e  p a r t  bank. 

Such s p l i t - s e c o n d  a c t i o n  a l s o  may save anxious moments 

f o r  p i l o t s  of f u t u r e  supe r son ic  passenger  p l a n e s ,  and f o r  a s t r o n a u t s  

on extended manned s p a c e f l i g h t s  i n  t h e  coming decades.  Expla ins  

Av iz i en i s  : 

The f l i g h t - c o n t r o l  STAR would a u t o m a t i c a l l y  handle  m o s t  

ma l func t ions ,  making s p a r e - p a r t  s u b s t i t u t i o n s  a s  needed. Only i n  

r a r e  c a s e s  of overwhelming f a u l t  c o n d i t i o n s  would t h e  computer 

r e q u e s t  t he  p i l o t  o r  c o - p i l o t  t o  t a k e  over .  

be r e g i s t e r e d  w i t h i n  a t e n t h  of a second. 

And t h a t  a la rm would 

S T A R ' S  success c l imaxes  seven y e a r s  of r e s e a r c h  and develop- 

ment i n  t h e  J P L  f l i g h t  computer and sequencer  s e c t i o n .  A v i z i e n i s  

designed t h e  f i r s t  expe r imen ta l  model i n  1965-66, w i th  t h e  a i d  

of A l l e n  Weeks and David A. Rennels ,  who now head t h e  hardware 

des ign  e f f o r t  f o r  STAR. 

The STAR programming ( s o f t w a r e )  team i s  l e d  by John Rohr 

and Frank Mathur. John J. Wedel Jr .  has  been p r o j e c t  a d m i n i s t r a t o r .  

Will iam F.  S c o t t  is s e c t i o n  manager. Other s p e c i a l i s t s  are d e s i g n i n g  

seve re  tests f o r  t h e  f u l l - s c a l e  model and,  looking  ahead t o  t h e  

1970s,  developing a p p l i c a t i o n s  f o r  STAR i n  NASA space e x p l o r a t i o n  

programs. 

- m o r e -  
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TWO impor tan t  o u t s i d e  c o n t r i b u t i o n s  w e r e  noted by 

Avizienis. The Stan fo rd  Research I n s t i t u t e  developed a magnetic 

power swi tch  t o  d i sconnec t  f a u l t y  u n i t s ,  and t h e  Massachuset ts  

I n s t i t u t e  of Technology Ins t rumen ta t ion  Laboratory b u i l t  t he  

s y s t e m ' s  "read-only" s t o r a g e  u n i t  f o r  permanent programs. 

#### 
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OFFICE OF PUBLIC INFORMATION 

NATIONAL AERONAUTICS AND SPACE A D M I N I S T R A T I O N  
PASADENA, C A L I F O R N I A .  TELEPHONE 354-5011 

LTET P R O P U L S I O N  LABORATORY , C A L I F O R N I A  INSTITUTE O F  TECHNOLOGY 

FOR RELEASE: TUESDAY A . M . ' S ,  SEPTEMBER 23, 1969 

PASADENA, Cal i f . - -Has t h e  moon always been a s  dead a s  

i t  appears  now? 

The q u e s t i o n  could  be answered, i n  p a r t ,  a t  l e a s t ,  

by t h r e e  experiments  t o  be conducted on Apollo 11 moon rock  and 

s o i l  samples by s c i e n t i s t s  of C a l t e c h ' s  Je t  P ropu l s ion  Labora tory .  

Three J P L  s c i e n t i s t s  a r e  among142 r e s e a r c h e r s  i n  t h i s  

count ry  and abroad who have been s e l e c t e d  by the  Na t iona l  

Aeronaut ics  and Space Admin i s t r a t ion  t o  ana lyze  the  l u n a r  m a t e r i a l .  

Whether any form of l i f e  might have e x i s t e d  on t h e  moon 

w i l l  be t h e  concern of D r .  Joon H. Rho, b i o s c i e n t i s t .  The e f f e c t  

of s o l a r  and cosmic r a d i a t i o n  on l u n a r  rocks  w i l l  be s t u d i e d  by 

Douglas Nash, g e o l o g i s t .  And D r .  S t an ley  L.  Manatt ,  o r g a n i c  chemis t ,  

w i l l  head a probe i n t o  t h e  o u t s i d e  chance t h a t  wa te r  molecules 

e x i s t  i n  t he  moon's s o i l .  

The J P L  l u n a r  s o i l  and rock s t u d i e s  w i l l  beg in  fo l lowing  

t h e  a r r i v a l  of t h e  p r e c i o u s  samples from Houston. 

D r .  Rho w i l l  a t t empt  t o  f i n d  s o m e  t r a c e  of o r g a n i c  m a t e r i a l  

i n  t h e  10 grams of rocks--mostly sub-surface--which he i s  r e c e i v i n g  

from c o r e  samples.  These c o r e s  w e r e  d r i l l e d  by t h e  a s t r o n a u t s  t o  a 

depth  of 10 and 15 c e n t i m e t e r s  ( a b a t  3% and 5% i n c h e s )  below the  

l u n a r  s u r f a c e .  (Ten grams i s  about  one - th i rd  of an  ounce.)  

The r e s e a r c h e r  w i l l  be  looking  f o r  po rphyr in ,  t he  b a s i c  

i n g r e d i e n t  of  a l l  l i f e .  Porphyrin i s  found i n  c h l o r o p h y l l  i n  p l a n t s  

and i n  b l o o d  hemoglobin i n  animal l i f e .  Traces  of i t  can be found 

i n  f o s s i l s ,  o r  carbonaceous r o c k .  
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The l u n a r  s o i l  w i l l  be  washed i n  a series of chemical  

m l v e n t s  i n  f i v e  and ten-gram b a t c h e s .  The e x t r a c t i o n  p r o c e s s ,  

conducted over a two-month p e r i o d ,  w i l l  b reak  down t h e  s o j l  i n t o  . t s  

s o l u b l e  o rgan ic  compounds and minera l  r e s i d u e s .  

The s o l u t i o n  w i l l  be  s u b j e c t e d  t o  u l t r a v i o l e t  f l u o r e s c e n t  

l i g h t  beams i n  an i n s t r u m e n t  c a l l e d  a spectrophotofluorometer. I f  

porphyr in  compounds a r e  present ,  t h e  s o l u t i o n  w i l l  g ive  o f f  a 

r e d d i s h  glow a t  c e r t a i n  wavelengths  of t h e  l i g h t  beams, D r .  Rho 

s a y s .  (These  a r e  i n  t h e  700-mill imicron r e g i o n . )  

The ins t rument  i s  so s e n s i t i v e ,  D r .  Rho adds ,  t h a t  i t  

w i l l  d e t e c t  t h a t  p resence  of a s  l i t t l e  a s  o n e - t r i l l i o n t h  of a 

gram of po rphyr in .  

" I f  w e  g e t  a g low,"  D r .  Rho s a y s ,  "it w i l l  be a good 

i n d i c a t i o n  t h a t  p a s t  l i f e  may have e x i s t e d  on t h e  moon. W e  d o n ' t  

t h i n k  t h e r e  i s  much chance of p r e s e n t  l i f e . "  

For comparative d a t i n g  of t h e  samples '  a g e s ,  D r .  Rho and 

h i s  team a l s o  w i l l  t e s t  two E a r t h  rock samples.  One i s  a f o s s i l i z e d  

rock  1.05 b i l l i o n  y e a r s  o l d  taken  from the  sho re  of Lake Supe r io r  

i n  no r the rn  Michigan. The o t h e r  i s  a 1 . 9  b i l l i o n  year-old rock  

w i t h  appa ren t  t r a c e s  of blue-green a l g a e  taken from Ontar io ,  Canada. 

a s s o c i a t e s  i nc lude  A 1  Bauman, J P L ;  P r o f .  James Bonner, C a l t e c h ;  and 

D r .  T. F.  Y e n ,  USC.  

Rho'! 

I n  t h e  s tudy  by Nash ' s  group,  l u n a r  rock c h i p s  and s o i l  

w i l l  be  p l aced  i n  vacuum chambers and bombarded w i t h  low-energy 

p r o t o n s  t o  s imula t e  t h e  s o l a r  wind, and w i t h  u l t r a v i o l e t  r a d i a t i o n  

t o  reproduce s o l a r  e l ec t romagne t i c  i r r a d i a t i o n .  

grams of moon s o i l  (about  6/10 of one ounce ) .  

Nash r e c e i v e d  18 

-more- 
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The rocks  w i l l  be broken i n t o  c h i p s  no l a r g e r  than  3/4-inch 

i n  d iameter  t o  f i t  i n t o  t h e  s c i e n t i f i c  appa ra tus .  Most bombardments 

w i l l  l a s t  on ly  s e v e r a l  hours ,  t o  correspond t o  normal l u n a r  day. 

However, Nash says  some samples may be exposed t o  a 

cont inuous  10-day r a d i a t i o n  e q u i v a l e n t  t o  50,000 y e a r s  exposure on 

t h e  moon. 

During and a f t e r  t h e  r a d i a t i o n  t r ea tmen t ,  t h e  moon rocks  

and s o i l  w i l l  be s t u d i e d  w i t h  a spec t rometer  and o t h e r  i n s t r u m e n t s  

t o  de te rmine  t h e i r  l uminescence  and t h e  chemical  and mine ra log ica l  

changes t h a t  may have occur red .  

This  spec t rometer  s p e c i f i c a l l y  measures t h e  e n e r g i e s  and 

c o l o r  components of  t h e  s t i m u l a t e d  l i g h t  e m i t t e d  by t h e  samples.  A n  

i n f r a r e d  rad iometer  w i l l  measure t h e  tempera tures  of t h e  rocks .  

Nash, who is  group s u p e r v i s o r ,  w i l l  be  jo ined  i n  t h e  p ro ton  

i r r a d i a t i o n  l a b o r a t o r y  s tudy  by D r .  J a m e s  E .  Cone1 and D r .  Raymond 

Greer. 

The experiment  t o  de te rmine  i f  water  molecules o r  atoms 

of hydrogen a r e  p r e s e n t  i n  l u n a r  s o i l  w i l l  employ a technique  

c a l l e d  n u c l e a r  magnetic resonance.  D r .  Manatt and h i s  team w i l l  

a l s o  seek  t o  i d e n t i f y  atoms of oxygen, aluminum, carbon,  boron,  

n i t r o g e n ,  f l u o r i n e ,  sodium, phosphorus,  c h l o r i n e  and bromine i n  

2 8  grams of moon m a t e r i a l .  T h a t ' s  e q u a l  t o  one ounce. 

The atomic n u c l e i  of t h e s e  e lements  w i l l  be i d e n t i f i a b l e  

i n  t h e  s o i l  through t h e i r  i n t e r a c t i o n s  wi th  r a d i o  frequency energy 

( r a d i o  waves) when a sample i s  p laced  i n  a s t r o n g  magnetic f i e l d .  

The e x c i t a t i o n ,  o r  p r o t o n  sp inn ing ,  of t h e s e  atomic n u c l e i  should 

provide  c l u e s  a s  t o  t h e i r  chemical environment.  
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The r e s e a r c h e r s  a l s o  hope t o  e s t a b l i s h  whether deuter ium,  

t h e  heavy hydrogen i s o t o p e ,  may be  p r e s e n t .  

D r .  M a n a t t ' s  r e s e a r c h  team i n c l u d e s  D r .  Dan Elleman and 

D r .  W e s  H u n t r e s s  o f  J P L ,  D r .  Robert Vaughan, Cal tech  A s s i s t a n t  

P ro fes so r  of Chemical Engineer ing ,  D r .  Sunney I .  Chan, Cal tech  

P r o f e s s o r  of Chemical Phys ics ,  and D r .  Fred Tsay, r e s e a r c h  a s s o c i a t e  

i n  t h e  Ca l t ech  Chemistry Department. 

D r s .  Chan, Tsay and Manatt w i l l  a l s o  perform e l e c t r o n  

s p i n  resonance spec t roscopy t o  a s c e r t a i n  t h e  e x t e n t  of r a d i a t i o n  

damage t o  l u n a r  s o i l  and i d e n t i f y  o t h e r  chemical e l e m e n t s .  This  

technique  invo lves  t h e  r e a c t i o n s  of t h e  so -ca l l ed  "unpai red"  e l e c t r o n s ,  

formed when h igh  energy p a r t i c l e s  e n t e r  m a t t e r ,  w i th  r a d i o  frequency 

energy i n  a s t r o n g  magnetic f i e l d .  These s t u d i e s  may pe rmi t  

d e t e c t i o n  of vanadium, i r o n ,  c o b a l t ,  carbon-hydrogen and carbon- 

n i t r o g e n  c o n t a i n i n g  molecular  f ragments .  

N e i l  L.  Nickle  of t h e  J P L  Lunar and P l a n e t a r y  Sciences 

S e c t i o n  se rved  a s  a c t i n g  a s s i s t a n t  d i r e c t o r  f o r  t h e  NASA Lunar 

Sample Program i n  Washington, D.  C.  

(Note: a l l  D r s .  mentioned a r e  Ph.Ds.) 
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PASADENA, Calif.--A m i c r o b i o l o g i s t  from C a l t e c h ' s  J e t  

Propuls ion  Laboratory may a i d  a r i d  Morocco d i scove r  new land 

f o r  i n c r e a s i n g  i t s  a g r i c u l t u r a l  p o t e n t i a l .  

D r .  Roy Cameron of J P L  has  j u s t  r e t u r n e d  from the  North 

Af r i can  count ry  where he and a New Mexico s c i e n t i s t  conducted a 

10-day f i e l d  t r i p  g a t h e r i n g  samples of s o i l .  Cameron brought  back 

58 pounds of s o i l  from e i g h t  a r e a s  t o  undergo t e s t i n g  i n  h i s  

S o i l  Science Lab a t  J P L .  

These w i l l  be c u l t u r e d  and t e s t e d  f o r  t h e  presence  of 

blue-green a l g a e  and o t h e r  microorganisms which have p o t e n t i a l  

f o r  t a k i n g  n i t r o g e n  from the  a i r  and i n c r e a s i n g  t h e  f e r t i l i t y  of 

t he  s o i l .  

"The s t a t u s  of the  s o i l  and i t s  p o s s i b l e  u s e  f o r  farming 

a r e  very  impor tan t  t o  t h e  Moroccans," Cameron s a i d .  He and P ro f .  

Eugene S t a f f e l d t ,  mycologis t  ( fungus e x p e r t )  of t h e  New Mexico 

S t a t e  Universi ty ,  Las C r u c e s ,  N .  M . ,  performed t h e  r e s e a r c h  mission 

under t h e  a u s p i c e s  of t h e  Smithsonian I n s t i t u t i o n .  

The t r i p  was a r ranged  under t h e  Smi thson ian ' s  f o r e i g n  

cu r rency  program which makes use of funds which United S t a t e s  

agenc ie s  have r ece ived  from t h e  s a l e  of s u r p l u s  a g r i c u l t u r a l  

commodities. P ro f .  A l b e r t  Sasson, c h i e f  m i c r o b i o l o g i s t  of t h e  

Mohammed V U n i v e r s i t y  i n  Rabat, w a s  Moroccan coord ina to r  f o r  t h e  

p r o j e c t ,  which i s  expec ted  t o  con t inue  two y e a r s  l onge r .  

- m o r e -  
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Most of  t h e  American s c i e n t i s t s '  f i e l d  t r i p  by j e e p  

covered  about  1 ,500  m i l e s  i n  t h e  l i g h t l y  popu la t ed  a r e a  sou th  o f  

t h e  A t l a s  Mountains a t  an e l e v a t i o n  o f  3 ,000  t o  5,000 f e e t .  

The a r e a ,  l a r g e l y  g r a z i n g  land  f o r  sheep and g o a t s ,  i s  s i m i l a r  

t o  our  southwes tern  d e s e r t ,  w i t h  average  r a i n f a l l  of less than  

f i v e  inches  a n n u a l l y .  

The undeveloped Moroccan a r e a  under s t u d y  i s  on t h e  

w e s t e r n  f r i n g e  of  t h e  Sahara D e s e r t .  Most of  Morocco's 1 4  m i l l i o n  

peop le  l i v e  i n  c i t i e s  a long  t h e  s e a c o a s t .  The c o u n t r y ' s  a r i d i t y  

and s a l i n e  soil have hampered farming for c e n t u r i e s .  

D r .  Cameron p r e v i o u s l y  h a s  made t r i p s  t o  C h i l e  and 

A n t a r c t i c a ,  c o l l e c t i n g  s o i l  samples i n  connec t ion  w i t h  JPL's 

r e s e a r c h  i n t o  E a r t h  r e g i o n s  b e l i e v e d  s i m i l a r  t o  Mars and p o s s i b l y  

o t h e r  p l a n e t s .  
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